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MPEJMUCJIOBUE |

«Kak mokasbiBaer OMBIT, HHATO C TAKOH CHJIOH
He no6yXJaeT BBICOKHE YMH K pabote Han
oforauleHueM 3HAHHS, KaK MOCTAHOBKA TPYXL-
HOH M B TO e BpeMsi MOJE3HOH 3aJaum».

Hozann Bepryaau (1654—1705)

CuioBa Bepuyanu npusen Benukuil marematnk Hdasum I'mabGept
B asrycte 1900 r., KOria OH MOCTaBHJA CBOH 3HAMEHHTble 23 npo-
GJeMbl Nepea JYUYMIMMH MareMaTHKaMH Mupa, coOpaBIIMMHCH HA
II Mexayuaponueit kourpecc. Illectofi mpob6anemoli Grina npoGaema
akcuoMarusauuu ¢usukd. JleficTBHTeNbHO, Kak ofjerduacs Obi
Tpyn (DH3HKOB, ecan Gbl MOXKHO Oblio chopmyaupoBate N (N<oo)
HCXOAHBIX AaKCHOM W H3 HHX YKe JIOTHMUeCKHM INyTeM MoJyuaTh Bce
CJIe[ICTBUA, HYKHbie JAJf ONHCAHHA SIBJCHHH OKpYMKAIOUIero Hac
mupa. Ho umenno 1900 r. 6611 rogoM poKAeHHsi HOBOH KBaHTOBOM
¢uzuxn. Yepes uerblpe Mecsua nocae aoknaaiga I'masbepra Make
[Inank coo6iuA YAWBJAGHHOMY MHDPY CBOKO THIOTE3y KBAHTOB,
najiee pasBHTHe (pmM3ukM (U Jaxke MexaHHWKM, Ha XKoTopylo [ mjb-
GepT BO3Jaraj HauGosbiIve HafeXKAbl) NOILJIO COBCEM APYTHM NyTEM.

CoBpeMeHHast KBAHTOBAas MEeXaHHKA Pa3BHBAeTCA COBCEM HeE Tak,
KaK MOXKHO OblI0 Gbl OXHJIATb OT JOTHUECKH 3aMKHYTO{l Teopuu.
[Tosnnast BHYTPEHHHX NPOTHBOPEYH B PelsATHBHCTCKOHR 00/1acTH, OHA
He [JaeT HHKAKHX HaJCKA Ha ONH3KYI0O aKCHOMAaTH3alHMIO H BMeECTe
C TeM Ha MCUYe3HOBEHHe NapafOKCOB, KOTOpPble OHA, OJHAKO, yMeEeT
06X0auTh, KOTJa HAJ0 COCUMTAThb peaJsbHble 3ddexTtrl. Ho rak, cpas-
HUTeNbHO O6JarONoNydYHO, LeJO OBCTOWT 10 TeX I[op, MOKa Mbl HH-
Tepecyemcs ShdekTaMu 3JeKTPOAMHAMHYECKHMH. [€OpHs H OTBIT
COMIacyloTcs yiKe cefuac A0 TBHICAUYHBIX JOJell NpoLeHTa, OCTaBaAAs
$H3UKOR B MOUTHTENbHOM H3YMJEHHH Hepell BceobbeMioulell cUMol
5JIEKTPOJHHAMHKY, YECTHO ONMMCHIBAIOWIEH MpOIlecchl B rajiaKTHKaXx
H B aToMHBIX sigpax. Ho B3auMozelicTBUS B OPHPOAE 3HAUMTEJNBHO
Goraue Tex, KOTOpbIE MOTYT ONHCATh YypaBHeHHs Makcseana wu
ypasHeHHs TArOTeHus JiiHIMITefiHa (B TOYHOCTH KOTODBIX MBI TaKKe
He coMHeBaeMcs). SliepHble CHJIBL, B-pacmajbl W MHOTHe JApYrue
NpoLecchl, U3BECTHBIE H XOPOIIO U3YUYeHHble (PH3UKAMH, 10 CHX IIOD
He HMEIOT PasyMHOTO TeopeTHuecKoro o6ocHoBanusl, MHorue 3ako-
HOMEPHOCTH M SMNHPHYECKHe MNpaBHJa, HaKoOMJEHHble 3KCIepHUMEH-
tTatopaMyu (He 6e3 AKTHBHOH IOMOIUHM TeOPETHKOB), He YKJIaAbl-
BaloTCH B KaKyI0-1H60 eQNHYI0 CXeMY.

M Bor Ha (OHe COTeH HONBITOK NOCTPOUTH YAOBJETBOPHUTENBLHYIO
TEOPHIO SIBJCHUH MHKDOMHDA BO3HHK HOBBIH MeTOJ, HOBasi hopMa pac-
CYXIeHHH, JUIICHHAA Ha MepBblf B3IISAA YETKHX OCHOB. JTO — Me-
TOJ CHMMeTpHH, oKasaBwHiAcCA OueHb 3(PQPEeKTHBHHIM B NPUMEHEHHH
HMEHHO K TeM [poueccaM, A8 KOTOPBIX crapas Teopus GeCcCHJbHA.

Korpa-to cumMerpuio HasblBaqd <«rapMonvell mupas. Iloncku
FapMoHNH MMpa IIPHBENHN ONHOrO H3 CaMbIX SIPKHX €CTeCTBOHCIHITA-
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tesiell Bcex BpeMen HMoranna Kemsepa K OTKpbITHIO 3aKOHOB [BH-
KeHus miaaHeT. Yro 6bi0 nsBectHo Kemepy? Heo6blyaiiHO MHOTO
Habmiofennii — pe3ysapTaT THTaHuYeckoro tpyaa Tuxo Bpare u ca-
moro Kensjepa —wu coBceM HMYEro K3 TOTQ, UTO Mbl ceHuac Hasbl-
BaeM MexaHukOH. M Tak, He 3HasT HH OJHOro u3 3akoHoB HbioToHa,
KenJep, pyKoBOACTBYSICb TOJBKO HAeeH O NPOCTBIX COOTHOLUCHHAX
MeXIy OpOUTAMHU IJIAHET, HAaXOAUT 3aKOHBI, KOTOpble MOTOM YKJa-
abiBatotcsl B yugament Mexanukd Hrprotona!). Konnueckue ceue-
HHsi KaK opOuThbl MJaHeT, 3aKOHbI IJIOILafdeil H NMPOCTble COOTHOIIIE-
HHUSI MKy pasMepaMu opOUT M NepHOJaMH oOpaLleHHA NPeAcTaliy
nepen Kemjepom kak nposiBJeHHst TapMoHMH npupojbl. Heo6wbl-
YaflHO HCKYCHO COEJHHHMB OKKYJbTHBIE (a moToMy OecrJofHble)
MOUCKH acTpoJIOroB ¢ MAacCTepPCTBOM acTpOHOMAa-HabJ/ofaTedAs H NMoj-
KPeNnuB ¢ MYEJTHHBIM TPYIOJI06MeM CBOM HAeH BBIYUC/JAEHHSIMH, OR
OTKPBIJ HOBHIHA myTb B mno3Hanud mupa. Crporue noruyeckue o6o-
cHOBaHust ujell Kensepa npuuLIN JUUIb MHOLO NO3XKe.

Wpeu cuMMeTpHi BO3POAMJINCH B €CTECTBO3HAHHH TOJNBLKO K KOH-
uy X1X Bexa, Korja nosBHAHCH NepBble NPH3HAKH TOTO, UTO JIOTH-
YeCKH CTpOofiHble aHAJIHTHYECKHE METOABl NPHUBOAAT K TYNHKY B 00b-
SICHEHUH HOBDBIX SIBJACHMH IPHUDPOJDI.

3aMeuareabHO, UTO B YIOMAHYTOM Aokjane [uabOepT ipen-
ckasbiBaga teopun rpynn Jlu Gosabinyio 6yayuHocts B dusuke. Ho
OT MepBLIX 3aMeuaHuil O peasbHOTrO fesa NPOLLIO elie HeMAJO JeTt
C GoabliuM TPYLOM IIPOHUKAJH B GU3UKY HAEH CHMMETPHH H Kasab-
IIHACS NOYTH BCEM OYEHb CJOKHBIM U aGCTPAKTHBIM amnapaT TeopHH
rpynn. Pemawomas poab 3fech npuHaaaexutr . Beimo n E. Bur-
Hepy ?). B konine 20-x roaop OHH YBUAEIH B KBAHTOBOH MeXaHHKe
HA€aJbHYIO cpefy A caMoro 3(¢peKTHBHOro npUMEHEHHS yXKe 10-
CTATOYHO CHJIBHO PAa3BUTOFO K TOMY BPEMEHH amnmnapaTta TeopHH
rpynn. Pemenune ypasHenust lllpeaunrepa, TeopHsi aTOMHbBIX CIIEKT-
pPOB — JOCTATOYHO MPOCTbiEe TPHUMEPH! MPHUIOMKEHHS TEOPHH CPYTIIbI
TPEXMEPHBIX BpallleHHH.

BepositHo, mepBoit paGoToll 110 TEOPHHM TPYNI, PE3yJAbLTAT KOTO-
poit He Obl M3BecTeH 3apaHee, Obl1a pabora Burxepa mo obparie-
HHIO BpeMeHHW (ee Mbl MOMECTHJH B JAOMOJHEHUH K NAHHOH KHHre
B 3HAK yBaKCHHsS K TOH pOJH, KOTOPYIO OHAa CHIrpajda B Pa3BHUTHH
KBAHTOBO# MexaHHKH). ['pymnnoBble MeTOABI BHECAH GOJIBLIOH BKAAL
H B DPasBUTHe TEOPHH DEJNSTHBUCTCKOro 31ekrTpoHa (ypaBHenuwe [lu-
paka). Tem He MeHee, XOTs YCIEXH TEOPUH TPYIN CTAJH OUEBHIHBIMH

'} Xapaxrtepno, uto Xorsi HbloToH, NpH3HABABIIMA TOJMBKO JIOTHYECKOE pas-
BUTHE Hayku, u ynomunaer Kensepa, Ho uaen Kemnepa ocraiores emy 4ysabIMH.

?) Kuuru E. Burbepa «Teopusi Ipynn ¥ ee MPHIOKEHHS K KBAHTOBOMeXaHHue-
ckofi Teopun atomuuix cnektpos» (MJI, 1961) u I'. Beitna «Knaccuueckne rpynnb,
HUX MHBapHaHTH U npeictasienuss> (MJ1, 1947), usnanusle Ha pycckoMm sA3biKe, CO-
XpaHWIH BCIO CBOIO LEHHOCTE 00 HacTosuero BpeMenn. K coxanenmio, ocranack
nenepesesiennoil Kuura [, Befinsn «Teopusa rpynnm W KBaHTOBag MeXaHHKax.
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115 GoJblIMHCTBA (M3MKOB, OHa B Te rojbl ¢ TPyAOM npobuBaja
cebe nyTb B yUeOHHKH H MOHOTpadHH.

HoBplli MakcHMyM HHTepeca K TEOpPHH TpYyIN BO3HHK B Hauase
60-x roAoB, Korja nosABHAHCL cTathbu [eni-Manna n Heemana
0 TaK Ha3biBaeMOH yHUTapHON TeopuH 3JeMeHTapHBIX YacTHI[ (BecCb-
mepHuHblil nyTh). Pabora Ienn-ManHa HecKosbKO LIOKHpOBaJa (u-
3MKOB, H B HauaJje ee ja)Ke He XOTeIH NPUHUMATh K MeuaTH. Meton
OTKDBITHS YHHTAapHOH CHMMETPHH HaXOAWJ/ICS B Pe3KOM KOH(JIHKTE
co Bcefl npeaplaymeil ucropued dusuku. das 31ofl cxembl He OBIIO
HMKaKOIl' MOZeJH, H, HeCMOTPS HA MHOTHe TONBITKH, «KBApKH», Je-
xalpe B OcHoBe kiaccupukaumu [ensn-Manna (Ho He ofsa3aHHBbIE
6bITb peaJibHBIMH Jaxe B paMKax 3TOH CXeMbl), TaK U He OBLIH
OOHAPYAEHLl B IIPHPOJE. )

Hanbuefiuine o6o6uleHHs MOJAeAH pa3BHBAJHCh B pPasHbBIX Ha-
paBJeHUsIX, H ceduac IPYyNIOBble MeTOJbl 3aHAJNH B TEOPeTHUECKOH
(M3uKe BecbMa NoueTHoe MecTo. JIasi MOJMOAOrO NOKOJeHUS! (PU3H-
KOB fI3bIK TEOPHH rpyln craja poiaHbiM. OJHAKO BCe LOCTHIKEHHUS
TEOPHUH TPYNIN He OTBEYA!OT HA OAHMH BOHPOC: MOUEMY TEOPHSI rpyiH
onHcelBaeT npupoay? Ho Torsa 3akoHHO 3ajaTh ellle ABa BOIpoca:
noueMy BOOOIe MaTeMaTHUecKHe (GOPMYJBl MOTYT ONHCHIBATH AABJE-
HYMSI OPHUPOAB M IMOYEMY SBJEHHA MPHPOABLI ONHCBIBAIOTCH CTOJb
abeTpakTHBIME (opMyJdaMH KBaHTOBOH MexaHuku? Kaxiabil ¢Qpuaux
paHo HMJW NMO3AHO MPHXOAHT K 3TUM Bompocam. Moxer Gbitb, Ken-
Jgep uMes npaso cefd 006 3TOM He clpalluBaTth, HO pH3HKa XX BeKa
3TH BONPOCHI He MepectaloT MyUYHUTh.

E. BurHep, Ha TJa3aX KOTOpPOTO [pOTeKasja BCSI UCTOPHUSI KBaH-
TOBOA MeXaHUKH, MHOTO AVyMaJ H NHcaJd Ha 3Ty TeMy. Ero ctaTtbu
cojepKaT, MO-BUAMMOMY, HauboJiee MNOJHYIO uHpOpMaunuio o6 3Bo-
JIOLHMH B3TJS10B Ha poJb CHMMETpUH B (usnueckoi Tteopuun. He
HaJ0, KOHEUHO, 0KHU1aTh, UTO 3TH CTATHH COAEPKAT UCUEPNBLIBAIOIIHHA
OTBET HAa BCe BOMPOCH. K HUM Halo OTHOCHTBCSI CKOpee Kak K mare-
pHany aas pasMbillieHUuH. ABTOp ofpallaercs K UHTATENIO-PUSHKY
1 unrareio-puaocoPy C H3N0KEHHeM CBOMX MBICJEHd M, MO CYTH
Iesa, mpUraamaeT uX K HayuHomy crmopy. B 3TOM [EeHHOCTb KHHIH
Burnepa. Ilpy yTenuu KHHTHM NpHAETCS MOPOH 3arysHyTh B yueGHHK
KBaHTOBO# MeXaHHKH WIN B Quiocodckywo sHUUKoNenuo. OaHako
B KaXIOH HU3 cTaTell uMTaTes]b HalAeT g ceOsl HOBble TOUKH 3pe-
HMS, KOTOpBIE 3acTaBAT ero 3aayMaTbCcsl Hajl MPHHUHUNHAIbHBIMH
OCHOBAMH COBPEMEHHOH (DM3HUECKOA KapTHHBL MHDA.

CraTby, BKJKUYEHHble B JAHHYIO KHHTY, B34Thl B OCHOBHOM H3
cbopuuka «Symmetries and Reflectionsy. K HHM MB no6aBujin
(vacth V) HecKoJbKO XYpHaJbHBIX craTell Buruepa, uMeromux cne-
HUaJbHBI!I XapaKTep, HO CYLIECTBEHHO PacCWHPAIOIWIMX KPYyr uiel,
3aTPOHYTHIX B 60Jee NONYAAPHBIX CTATbAX.

A. Cuopoduncrui



OT PEJAAKTOPOB AMEPUKAHCKOTO M3/1AHUS

[Tpodeccop Burnep He TONBKO KPYNHBIA yueHBIH, HO H y4eHbIH,
HaJleJeHHLIH HeOOBIYHBIM JapoM AOXOAYMBO H3JaraTb pe3y/abTarel
HAaYYHBIX HCCNEJOBAHME A5 HeCNelHaJUucTa, NPOSBJAIOUINE K TOMY
ke OoJblIOH HHTepec K npobjaeMaM, KOTOpPHe BO3HHKAIOT. nepel ye-
JIOBEYECTBOM MPH NPakKTHUECKOM NpHMeHeHHH HaykH. B sTy kHUTY
MBbl NOCTapanuCh BKJIOUHTb MHOTHE H3 NONYJASApHBIX cTatell Bur-
Hepa, onyOJUKOBAHHBIX B pPas3JjIMUHBIX KypHasax. Hajgeemcs, uto
4TeHHe 3ITHX CTaTedl OKa)eTcsl MAJAA YHTATeNCH CTOAb K€ CTHMYJH-
PVYIOIIMM, KAKHM OHO 0Ka3aJ/0ch JJ15 pelaKTopOB.

Yoarep Hoc. Myp,
npod. xuMuy,
Yuupepcuter wrarta Wnnuana,

Maiixa Cxpusen,
npod. HCTOpuH H (uaocobHH HayKR,
YuusepcuTeT wrata VlHauana,



I. CUMMETPUA
U APYIUE ®HU3HNUYECKHE IMPOBJIEMBI

MHBAPHUAHTHOCTb B ®HU3NYECKOM TEOPHH )

HAYAJIBHBIE YCJOBHUA, 3AKOHbBI MMPUPO/AbLl, HHBAPHAHTHOCTD

Mup oueHb ¢/10XKeH, U UeJOBeUeCKUH pasyM SIBHO He B COCTOSIHHH
MOJHOCTBIO MOCTHUL €ro. MMeHHO MO3TOMY 4YeJOBeK NpHAYMaJ
HCKYCCTBEHHbIl NpHeM — B CJI0XKHOH NpHPOAE MHpPa BHHHTb TO, YTO
MPUHATO HAa3blBaTh CJAyYaHHBIM, — B TakuM o0pasoM CMOr BLIfe-
JAuTh 00J1aCTh, KOTOPYIO MOXKHO ONHCATbh C TIOMOLU{bIO NPOCTHIX 3a-
koHoMepHocTeill, CJOKHOCTH MONYYHAM HA3BAHHE HAYAJbHBEIX YCJO-
Buil, a 1O, uro a6GCTParHpoOBAHO OT CAVUAHHOTC, — 3aKOHOB MpH-
poxas. KakuM 6bl HCKYCCTBEHHBIM HH Ka3aJsoch NoAoOHOe pa3bueHue
CTPYKTYpbl MHpa HpU camMOM OeclpUCTpacTHOM MOAXOAe H jaxke
BOIIPEKH TOMY, YTO BO3MOXKHOCTBH ero OCYUIECTBJICHHSI HMeeT CBOH
npejenbl, Jexauas B OCHOBe TAKOTO pasbueHust abcTpaklius HpH-
HaJJIEKHT K 4YHCAy HauboJee NAOJOTBOPHBIX HIEH, BbIABHHYTBIX
yejoBeveckuM pasymom. lMmeHHo oHa mosBoausma co3laTh ecre-
CTBEHHLIe HayKH.

Bo3MOKHOCTL aGCTpardpoBaHHs 3aKOHOB ABAKEHHS H3 XaAOTH-
YyeCKoro MHOMKeCTBA NPOHCXOAALIUX BOKPYT HAc fBJAeHUH OCHOBHI-
BaeTcs Ha ABYX 0GCTOATENbCTBAX. BO-MepBBIX, BO MHOI'HMX CJydasix
ylaeTcsl BBIAGNHTb MHOXKeCTBO HA4aJdbHbIX YCJAOBHH, KOTOpOe He
CAUIIKOM BeJUKO, HO B TO K€ BpeMs COAEPKHUT BCe, UTO Cylle-
CTBEHHO AJSI MHTepeCcyIOLIMX Hac ABJeHHH. B kimaccuyeckoM mpu-
Mepe cBOGOJHO Majaloulero TesJa MOXKHO IpeHeOpeub MOUTH BCEMHU
VCJOBHMSIMH, KpOME HauaJbHOTO IOJOXKEHHS M HauaJbHOH CKOPOCTH
ajaiollero Tesaa: ero MnopejeHHe OyAerT BcerAa OJHUM H TeM Ke
HEe3aBHCHMO OT CTElleHH OCBELIEHHOCTH, HaJH4us BOJH3M OT HEro
APYrux Tes, HX TeMiepaTypni ¥ T. A. Bhiflesienne MHOXKecTBA yCi0-
BUil, OKa3blBAIOIIUX BJIMSHHE HA TOT HJM HHO{ 3KCIIEpPHMEHT, OT-
HIOAL He $BJsIeTCS TpHBHAJbHOH 3azaueli. HaoGopor, ymenwne
BBIJE/NUTh TaKHe YCJAOBHS H CO\CTaBJ'IHeT OCHOBY HMCKYCCTBA 3KCIEpH-

1) HOoxnap npourran 19 mapra 1949 r. B [lpunctoHe Ha TOpPXKECTBEHHOM
3acellaHN, NOCBAUIEHHOM uYecTBOBanHi0 mpod. Anpbepra DilHiurteiHa. Onyénnxo-
Ban B xypHane: Proc. Amer. Phil. Sozc., 93, 521 (1949).
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meHnraTopa. [locemass HHOrAa JgaGopaTOPHH, Mbl, TEOPETHKH, BpeMs
OT BpeMeHH ObiBaeM MOPOXKEHbl TPYIHOCTSMH 3TOTO0 KHCKYCCTBA.

M Bce ke cama mo cebe BO3MOMKHOCTb BbiJedeHHS] HayaJdbHbIX
yC/JIOBHI, ONpeAeldiollHX HHTepecylollde Hac ABAEHHS, ellle He IIO-
3BOJIIET OTKPHIBATH 3aKOHb! NMPHUPOAB. He MeHee BaykHOe 3HAYeHHE
HMeeT TO OOCTOSITeNbCTBO, UTO IpH OAHHX K TexX »Ke 3aJaHHBIX
CYUIECTBEHHBIX HAYaJbHBIX YCAOBHAX pe3yjbrat OyJeT OAHHM U TeM
JKe He3aBHCHMO OT TOro, TAe W KOrda Mbl HX peaqansyeMm. Ha sisbike
HayaJbHLIX YCJAOBUH 3TOT NPHUHUHI MOXKHO C(OPMYJHPOBATH Kak
YyTBepXKIeHHe O TOM, 4YTO aOCOJIOTHOE NoJoXKeHHe H abCoJIOTHOE
BpeMsi HHUKOrga He SIBJAAIOTCS CYUIECTBEHHAIMHM HauaJbHBIMH YCaO-
BUSIMH. 310 yTBepiiaenne (a6GCOMIOTHOE M0J0XKeHHe H abCoMIOTHOE
BpeM$ HHKOT/A He BXOIST B UHCJAO CYLIECTBEHHBIX HAYaJbHBIX YCJIO-
BHH) CTaJo IepPBBIM H, MOXKeT OblTh, HauOoOJee BaxKHBIM MPHHIINIOM
HHBapuaHTHOCTH B (usuke. He Oyab ee, Mbl Obl He MOTJIH OTKpHI-
BATh 3aKOHbI NPHPOLDL.

HBapHaHTHOCTDL, O KOTOPOH ME! TOJIBKO UTO FOBOPHJIH, HA SI3BIKe
COBpPeMEeHHOH MaTeMaTHKH HOCHT Ha3BaHHe HHBApUAHTHOCTH OTHO-
CHUTEeJbHO C/ABHIOB B NPOCTPaHCTBe M BpeMeHH. He cjaeayer 3a6bl-
BaTh, UYTO H 3Ta HHBAPHAHTHOCTb MOXKET HOCHTHL OFpPaHHUYeHHBH]
xapakTep. Ecan 6b1 Beenennast okasaJjach CylleCTBEHHO HEOAHOPO-
HOHM, TO 3aKOHBI MPHPOJABLI B ee OTAAJeHHBIX UdCTAX MOLJH Obl
CHJIBHO OTJIHYATHCS OT TeX, H3yueHHEM KOTOPhIX 3aHMMaeMCsi Mbl.
B stoM cayuae 3KcIepHMeHTATOD, NOMELLEHHbIH B 3aKPBITYIO KOM-
HATy, B MOpHHILMIE BIOJHE MOr Obl OTJAHUHTb, HAaXOAHTCS JH OH
B LeHTpe Bcenennoll uau BOJIU3W OT ee TpaHHLl H JKUBET JH OH
B paHHIO 3MO0XY pacuiupeHus BeeseHHONH umu B Gosiee no3auuii ne-
pHoxA 3Toro npotiecca. [locTynar 00 HHBAPHAHTHOCTH OTHOCHTENbHO
CABHTOB B IIPOCTPAHCTBE K BpeMeHH OTBepraeT Takyk BO3MOXK-
HOCTb, H €ro npHMeHeHHe B KOCMHUECKHX MacluitaGax, 10 CyLIecTBY
Jesa, MpelnosaraetT OAHOPOAHYIO M CTalMOHApAyi0 Bcesmennyio.
MMeroupecs B nacrosllee BpeMs JaHHbIE fCHO YKa3bIBAlOT Ha MpH-
6/1MKEeHHBIA XapaKTep TAKOTO AOTNYILCHHS.

MHBAPHMAHTHOCTD

CyllecTBYIOT /1M ApyrHe NPUHLHIB MHBaDHAHTHOCTH, H ecAH Aa,
0o Kakue? [IpuHIKTBL MHBEAPWAHTHOCTH MOXHO paziesMThL Ha [Ba
THIA: CTapble, HAllleJllHe CBOIO HauboJee MOJHYIO H, MO-BHIHMOMY,
OKOHYATENBHYIO (POPMYJHPOBKY B CNELHaNbHOH TEOPHH OTHOCHTE/b-
HOCTH, H HOBLIC, elile He MOHATbie A0 KOHLA, C KOTOPLIMH Mbl BCTpe-
yaeMcsl B 06ulell TEOPHH OTHOCHTEJbHOCTH.

[ToMHMO HecylleCTBEHHOCTH [Jisl NPOTEKAHHUS 5iBJeHUsT aBCoMIoT-
HOTO [OJIOXKeHHA (MecTa) U BpeMeHH B CTapblX TEOPHSIX WHBAPHUAHT-
HOCTH MOCTYJHPYeTCSl TaKXKe HeCyIeCTBEHHOCTh ODHEHTALHH H, Ha-
KOHell, COCTOSIHHSA [BHIKEHH, eC/IH MOCJeNHee PaBHOMEPHO, NpAMO-
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JUHEHHO W He BKJiouaeT B cefs Bpauledusa. IlepBble H3 Ha3BaHHbBIX
NPHHLHIIOB HOCAT TeOMETPHUECKHH XapakKTep H KaxKyTCs HacTOAbKO
OUEBHHBIMH, UTO B SIBHOM BH/J€ OHHU OblAH CcHOPMYJHPOBAHH JHIIb
B KOHIle npoluwioro Beka. [locmennuid nmpuHuun (HecyllecTBEHHOCTH
COCTOSIHUSI ABHIKEeHHs) OTHIOAb He OUeBHIAEH. IDTO XOPOIIO M3BECTHO
TeM M3 HAac, KTO NOTb pa3 nbiTanacss oObsACHATL €ro 4esoBeKky, gaJe-
KoMy OT Qu3uku. Ecan Obl BTOpo#i 3aKoH ABHKenus HeioToHa raa-
cua: «Bcee Tea coXpaHSIIOT COCTOSIHHE [IOKOS 10 TeX MOp, NMoKa Ha
HUX He BO3JeHCTBYeT BHeEILHsisi CUJIa», — TO NPHHUMNA HHBApHAHT-
HOCTH OTHOCHTE/JbHO COCTOSIHHUA J[BUKEeHUs He Oblio Gbl. Hao6o-
poT, ecan Obl Tega B OTCYTCTBHE BHelIHell CHJbl COXpaHsiH YCKO-
peHHe, a He CKOpPOCTb, cdepy AEHCTBHS 3TON HMHBAPHAHTHOCTH
MOKHO OblJIO Obl 3HAUHTEAbHO pacluHpuTb. MoHo mnosromy 6e3
npeyBesuueHHsl CKas3aTb, YTO NPHHIHUI HHBAPHAHTHOCTH OTHOCH-
TeAbHO ABUXKEHHsi Obli Brepsble uetko chopMmyiupoBan HbioToHoM
B ero «Hauagax».

Ham mocreneHHblfi 0TKa3 0T OAHOrO BecbMa MPaBAONOAOGHOrO
NpUHUIMIAG — NPUHLIKNA [10J00HA — CBHAETEIBCTBYET O TOM, 4YTO
cTapble NPUHLUUNB HHBADHAHTHOCTH CJAeAYeT CUHTATb NPOAYKTAMH
OmbITa, a He anpuopHoimi HcTHHAMK. COrJaacHo NpUHHUKIY Mog06us,
naubosee orueTainBo copmyaupoBaHHoMy Pypbe, MOHATHe reome-
TpUuecKoro noaofusi pacnpoctpaHAeTcs u Ha (hU3HUECKHE IKCIe-
pPUMEHTBI, T. €. ab6CO/IOTHbIE pa3Mepbl Tea HECYLIeCTBeHHbI, eCJH
cBOHCTBA MocJefHUX paccMaTpUBaTb B HajJjexkallle BBIOPAHHOM
maciutabe, CyllecTBOBaHHE aTOMOB, 3JEMEHTAPHOIQ 3apfAna u npe-
HLeJbHOH CKOPOCTH 03Ha4aJ/o KpyLIeHHe 3TOTo INPAHIHUIA.

®opmyJibl, ONUCbIBaIOllHE TO, YTO §1 HA3bIBAKO CTAPBIMH APHH-
IUIaMyd MHBAapHAHTHOCTH, Obl1M BIEPBbie MMOJHOCTbIO KaHbl IlyaH-
Kape, KOTOpbIl BbIBeJ MX H3 YpaBHeHHH 3jekTpoauHamuku. OH
TaK:Ke 0CO3Haa CpYINOoBble CBOHCTBA CTAPBIX NPHHUUNOB HHBAPH-
aHTHOCTH ¥ HasBaJ JekKaulyld B HX OCHOBe rpymnmy rpynmno#t Jlo-
peHua, OJHAKO BCIO BaXXHOCTb M YHHBepCa/bHLIH Xapakrep 3THX
OPUHIIKIIOB MOHST JAHIIbL DUHIUTEAH. Ero crathu mo creiHabHOf
TEOPHH OTHOCHUTEJABHOCTH 3HAMEHYIOT cof0fl obpallleHHe CYLIeCTBO-
BaBlIeli 10 TOr0 TEHAEHUMH: [0 MOSIBJACHHUS CHEUHAJbHOH TeopuH
OTHOCHTEJbLHOCTH MPHHLBIBE HHBAPHAHTHOCTH ObLIO HPHHATO BbI-
BOJAUTb M3 3aKOoHOB ABuKeHHsl. Pabora IDiHmTeliHA CTOJNbL NPOUHO
YTBepAHAa cTapble NMPUHIHNB HHBAPHAHTHOCTH, YTO MbI Telepb Hy-
XKraemcs B 0co60M HalOMHHAHHM M CKJOHHBl 3a0bIBaTb, UTO 3TH
NOPHHUMKIILI OCHOBAHB JIMIIb Ha AAHHBIX omuira. Huas Hac crajo Go-
Jiee eCTECTBEHHBIM BLIBOJUTb 3aKOHBI IPHPOALI U NMPOBePSITh HX C NO-
MOIIbI0 NPHHUMIOB WHBAPHAHTHOCTH, YEM BBIBOAHMTH NPHHLHUIILI HH-
BapHaHTHOCTH H3 TOrO, YTO Mbl CUHTAEM 3aKOHAMH MPHPOJBI.

Caenyiomiefi Bexoff B MCTODHH HUHBAPHAHTHOCTH CJAYVKUT obias
TEOPHsI OTHOCHUTEJNBHOCTH. ¥:Ke cam (PakT, uTo obiiasi TeOpUs OTHO-
CHTeNbHOCTH IpejcTasiAeT co6OH MepBYI0 NONLITKY BbHIBECTH 3a-
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KOH TpHpOAbl NyteM oTOopa Haubosee MPOCTOr0 HHBAPHAHTHOTO
yPaBHEHHS, CIyXKHT ONpaBLaHMEM CTOJIb TPOMKOro snurtera. Eule
0oJiee BaxKHbIM fl CUHTAI0 TO OOGCTOATENbCTBO, 4TO OOllasg TeOpHS
OTHOCHTe/IbHOCTH MbITaeTCsl yCTAHOBUTH Ipefes NPUMEHHMOCTH CTa-
PbIX NPUHLUINOB HHBAPHAHTHOCTH W 3aMeHHTb HX OAHHM, OoJaee
ob6wnm npuHuunoM. OrpaHuyeHue cTapbix NPHHIHIIOB HHBAPHAHT-
HOCTH oOmpedensercsd CTPYKTYpPOH INpPOCTPaHCTBA, MPOSIBAAIOIEHCH
B nepemenHo#l kpusH3He. ITocKoabKy KPHBH3HA NPOCTPAHCTBA B
MpHHUMIE HalgalojgaeMa, nepeMelnenHe u3 ob6aacTd ¢ Maaod KpH-
BU3HOH B 06sacTb ¢ GOJbHION KPHUBU3HOH HE OCTaBJAET 3aKOHbI
NPHPOALI HMHBAapHAHTHLIMHU. [IpaBaa, QuU3uK, MLICJASLIUE CTapbiMH
KaTeropusMH, BCErAia MOMKET CUYHTaTh, UTO pPa3/jHuUMsl B 3aKOHAX
OPHPOABI, paccMaTpuBaeMbiX B pasHbiX Touykax Bcesennod, obyc-
JIOBJEHBl  OTCYTCTBHEM  WJH, HAo60pOT, GIH30CTbIO KaKHX-IHOO
macc. [Ilpm TakoM noaxoje cTapble NPHHLHUTNE HHBAPHAHTHOCTH
BHOBb 00peTaloT OLIIYI0O YHHBEPCAJbHOCTh, HO YTPAaUHBAKT BCAKHH
cmbicad. OfHako ecim ABe TOYKH B NMPOCTPAHCTBE-BpeMeHH 3KBHBa-
JIEHTHBl TOJIBKO TOrJa, KOrja paclpeflesqeHHe MacC B HX OKpecT-
HOCTAX OJMHAKOBO, TO fCHO, YTO HX 3KBHBAJEHTHOCTb SIBJsETCA
CKOpee UCKJ/AKUYeHHEM, YeM I1PaBHJOM.

Hosulii mpuduun HHBapHaHTHOCTH, KOTOPHIM ¢0lias TeOpHs OT-
HOCHTe/bHOCTH 3aMeHsIeT CTapble NPUHIHKIB, 3aK/J0UaeTCs B TOM,
4TO BCe [AeHCTBHs paccMaTpHBAOTCS Kak INepejalolipecs ¢ [MO-
MOIIBIO MOJ€H, NMEPeHOCAUIMX BO3MYIIeHHst OT OAHOHA TOUKH K JpPY-
roi. B nepeBoje Ha OoJsiee PEHOMEHOJOTHUYECKH $I3BIK 3TO O3Ha-
4yaeT, YTO COOBITHSI B OJHOH 4YacTH INPOCTPAHCTBA 3aBHUCAT TOJDBKO
OT MoJieft B OKPECTHOCTH 3TOH YacTH MPOCTPAHCTBA, T. €. OT H3IMEpPH-
MBIX BeJHYHH: MPOLECCHl, MPOHCXOAALIHE BHE paccMaTpHBaeMoi 06-
J1aCTH, PaCOpOCTPAHSITCA BHYTPb JMUIb ¢ KOHEUHOH CKOPOCTBIO').
Takoll npuHUMN MHBAPUAHTHOCTH ropasfio cMesee H HOCHT HaAMHOIO
MeHee HCKYCCTBEHHBIH XapaKTep, deM CTapblli MPHHUHKI WHBAPHAHT-
HOCTH OTHOCHTE/JIbHO HeOoAHOpoAHOH rpynnel Jlopenna. [Tpusenen-
Hasa poile GOpMYyJHPOBKA ero HeCKOJbKO Gosee (PeHOMEHOJOrHYHa,
ueM OOUICNPUHATAS: OHA, OAHAKO, BKJIOYaeT oObIYHOe TpebOBaHHe
HHBAPDHAHTHOCTH OTHOCHTEJNbHO BceX JAuddepeHUUPYEMBIX Npeos-
pasosanuil koopauuar. OGe QopMyaupoBkH (HCBas M oOHIeOpHU- |
HATAA) NPUHLMIA HHBAPHAHTHOCTH OOLIeH TEOPHUH OTHOCHTENbHOCTH
BbIpaxkamwT TOoT (akT, YTO B 3aKOHAX (PHU3UKH H TeOMETpPUH peyb
MAeT JIMIUb O JIOKAJbHbIX H3MEepPeHHAX, KOTOpbie MOXKHO OIHCaTh
¢ moMompIo AuddepeHunanbHBIX ypaBHeHHH. B gactHocTH, nocTpoe-

1) Caenyer moauepkHyTb, yro cGOpPMYJTUPOBAHHBIA HAaMH NPUHIMO OpeACTaB-
Jaaer coboli He HHBAPHAHTHOCTL OTHOCHTE/IBHO APOM3BOJLHLIX Ipeobpa3oBanuii Ko-
OpaMHAT, a MeHee aGCTPAKTHBI NPHHUMIN OTCYTCTBHs AEHCTBUS Ha pPaCCTOAHHH,
3TOT NPHHUHLN B TOM BHIE, KaK OH 34ech chopMyaHpoBaH, obiajgaeT MHOTHMH
CBOFCTBAaMH, NPHCYIUUMHK MPHHUMNAM HHBapHaHTHOCTH. — lpun. asropa npu xop-
PeKTYpe amepuKanHckoeo u30anun KHuau.
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HHe BbLIEJEHHOH raJ/ju/aeeBOH CHCTEMBbI KOOpJHHAT NyTeM OTHece-
HUSI K JADYTUM, YAQJCHHBLIM, TaJjIMJeeBbIM cHCTeMaM 3anpelaercs
MHOCTYJaTOM O TOM, 4TO BCIO HH(pOPMAaLHIO, HEOOXOAUMYIO AJs OINH-
cauusi Oaukafiulero OyAyllero paccMaTpUBAeMOR yacTy NPOCTpaH-
CTBA, MOXKHO MOJYYUTh U3 JIOKAAbHbLIX H3Mepenuil. OTciofa ciaenyer,
410 HHPoOpMauus, OTHOCALIASCA K yJ/aJeHHbIM TOYKAM, HE MOXKET
n06aBUTb HHYEro CYUECTBEHHOrO K 3HAHHK JIOKAJbLHBIX YCJOBHH,
Kak 3TO Obl1o O6bl B TOM cJjaydae, ecau 60l ¢ IIOMOUIBIO YZAaJjeH-
HHIX TOYEK MOXKHO OblI0 ONpeae/UTh BLIAEJCHHble CHCTEMBI KOOp-
NMHAT.

HHBAPUAHTHOCTb B KBAHTOBOM MEXAHUKE

Jler Tpujanate Haszaa, Koria Mbl BIepBble CTOJKHYJHCH C IDaH-
AUO3HBIMUM TapajgoKcaMu aToMHOH (U3UKH, Bepa B Hamy crnocob-
HOCTb TMOHMMAaTbh (PU3MYECKHEe 3aKOHBI HACTOJBKO MOHIATHYA4Ch, YTO
MOSBHJIACh MbIC/b 00 OTKase OT BCeX 3aKOHOB (PM3HMKH, 32 MCKJIO-
4eHHeM 3aKOHOB COXpPaHeHHs 3HepPrud v umnyabca. Mmenno Taxoil
BHIXOJ M3 CO3MaBLIETOCs IOJIOXKEHHs Apelaoxun DiimmTtelH [2, 3).

Belciunii peaynbTraT BCeX YCHJHIl, NpelNPHHUMABLIHXCSA B Teye-
Hue nociaeannx 30 ser, cBoAuTes K caeaymouiemy. B nactosiee
BpeMsi MBI yOexKjeHbl B TOM, YTO pacnoJaraenr HelpPOTHBOPEUUBOH
TeopHed aTOMHBIX @BJCHHI, coTsacylollelicss Co CTapbIMH MpeACTaB-
JEeHHSAMH O IIPOCTPaHCTBe-BPEMEHH M HHBapHaHTHOCTH. B ocHOBY
5TOH TEOPHH MOJIOXKEeH aHaJu3 MIpolecca H3MEpeHHs, MPOBeIAeHHBbIN
rnaBHbIM oOpa3om [efizenGeprom m bopom, ofpatuBmumu ocoGoe
BHUMAaHHe Ha TO, KaK CKa3blBaeTcsd H3MEpeHHe Ha H3MEPSeEMOM
o6bekTe, SIcHO, UTO Taxkas TeOpHs NPOTHUBOPEUMT NPOCTOH KOHIEN-
LMM CKOJIb YTrOJHO TOYHO H3BECTHOIO pacnpele/eHus moJs, U3 Ko-
TOpo#t HcXoAUT oO0biyHasg QopmyaupoBKa oOuelR TeopHH OTHOCH-
TeJbHOCTH. B 4acTHOCTH, H3MepeHHe KPHBH3HBI NMPOCTpaHCTBa, 06YyC-
JIOBJIEHHOH OT/eJbHO B3ATOH 4YaCTHIEH, BPSA JH MOXKHO Obli0o 6bl
IIPOBECTH, He CO3/laBas HOBLIX MOJeH, BO MHOrO MU/IJIHAPAOB pas
IPEBOCXOASALIUX 10 HHTEHCHBHOCTH HCC/IefyeMoe nojel),

Jo cax mop IpeAlpHHHMAaJOCh OYEHb MaJo I[IOMBITOK BHECTH
B OCHOBHBIE NOHATHS OOlLIefl TEOPHH OTHOCHTE/ABHOCTH TaKHe H3Me-
HEeHNs, KOTOpble ITIO3BOJMJAM OBl YU4ECTb BJHAHME aKTa H3MEPEHHS
Ha uaMepsieMbll 00bekT. TeM He MeHee cTapbie NMPHHIHILI HHBADH-
QHTHOCTH TAaPMOHHDYIOT C KBAHTOBOH MEXaHHKOH, M 3Ta rapMoOHHsA
GoJsiee TOJHA, a B3aWMOCBS3b KBAHTOBBIX YpaBHEHHH W CBOHCTB HX
WHBapHAHTHOCTH 00J/lee TeCHA, YeM B AOKBAaHTOBOH TEOpHH.

Ilpexae Bcero s xoren Gbl O6paTHTh BHHMAaHHe HA HeKOTOpbie
aHAJOTUM MeXKJAy pOJLI0 HMHBApHAHTHOCTH B KJACCHYECKOH H B
KBaHTOBOH Teopun. M B TOH M B JAPYro#l TeopHH TPUHIUMIL HHBA-
PHAHTHOCTH BBINOJMHAIT [ABOAKYIO GYHKUHIO., Bo-nepBblx, OHH

) Ha wuntepecHytro mnpoGijeMy B 3TOff cBfi3n ykasan nemasHo OcGopu [4].
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OnpeesasioT HEOOX0AUMOE YCJA0BHe, KOTOPOMY AOJIKHBI YAOBJIETBO-
psiTh Bce OCHOBHBIEe ypaBHeHudA. HecylllecTBeHHble HayaJbHble YcJ0-
BHMs He AOJKHBI 3aHUMATh CKOJbKO-HUOYAb BarKHOE MecTo B pe-
3yabrarax TeopHH. Bo-BTOpLIX, Kodb CKOpo (yHAaMeHTaJbHbIE
ypaBHeHHs 3aJaHbl, NIPHHUHUILI HHBAPHAHTHOCTH JaHu00 B (hopMme 3a-
KOHOB CcOXpaHeHHs, JHGO HMHBIM O0Opa3oM OKAa3bIBAIOT 3HAYUTENb-
HYI0 [OMOLIb NpH OTbICKaHuu peleHuidl. M B KaaccHyeckofl u B
KBAHTOBOH TEOPHH 3aKOHbl COXpaHEHHs UMIYJAbCA, SHEPTHH, YIJI0-
BOIO MOMEHTa M 3aKOHBI JBHXEHHS LEHTPa MacC MOKHO BbIBECTH
H3 MHBAPHAHTHOCTH YDPABHEHHUI OTHOCHTEIbHO HHGMHHUTE3UMAb-
HBIX CIBHTOB U IOBOPOTOB B MPOCTPAHCTBe-BPeMeHHU ).
[lepeuncieHHBIMY AHAJOTHAMH CXOACTBO MeXK/AYy POJbI0 HHBA-
PHAHTHOCTH B KJ4aCCUUECKOH H B KBAHTOBOH TEGPUH IO CYUIECTBY
ucuepnbiBaercss. OcHOBHAST MPUYHMHA Pasqadudil 3aK/1I0U4E€TCs B TOM,
YTO MHOXKECTBO COCTOSIHHI B KBAHTOBOH TEODHM HAMHOrO LIHPE,
yeM B kJaccuueckod. Kpome Toro, B KBAHTOBOH TCOPHH CYLLECTBYET
APHHIUN CYNEepHo3ULHH, KOTOPBHIH ONpejeaseT CTPYKTYPY CHJIbHO
pacClIMpUBILErocs MHOMKeCTBA cocTosiHuil. MMeHHO mpuHuun cynep-
IIO3HUMH  TMO3BOJSIET YKAa3biBATb COCTOSIHUS CHCTEM ¢ OCOOCHHO
NPOCTbIMH  TpaHChOpMaLMOHHBIMU CBOHCTBAMH. JleACTBUTENbHO,
MOKHO MOKa3aTh, 4TO J1000e COCTOsIHHE [POH3BOJbHOI KBAHTOBO-
MeXaHUYECKOH CHCTeMbl HE3aBHCHMO OT TUlla B3dUMOJACHCTBUH Npea-
CTaBUMO B BHJE CYIEpIIO3HIHH COCTOSHUH HEKOTOPBbIX 3JeMeHTap-
HbIX cHcTeM. C MaTeMaTHUeCKOH TOUKH 3peHHd 3TH 3J€MeHTapHbie
CHCTeMB! COOTBETCTBYIOT HENPUBOAUMBIM INpPEACTABJIEHUSIM TPYIMHI
JlopeHua, H, c1el0BaTeNbHO, HX MOXKHO IlepeducauTb. [lockoabKy
ypaBHeHHST JBHXKEHHS 3/eMeHTapHLIX CHCTeM IOJHOCTBIO Olpese-
JISIIOTCA CBOHCTBAMH MHBApHAHTHOCTH MOCJAENHHX, J1000e COCTOsSHHE
NpeACTaBHMO B BHJe JHHEHHO! KOMOHMHAUMH COCTOSHHUH, HUCTOPHSA
KOTOPBIX MOJIHOCTBIO H3BecTHA. OAHAKO MPU ONUCAHHA COCTOSIHHA
KB2HTOBOMEXaHHUYECKUX CHCTEM C MOMOLUBIO HENPUBOAUMEIX COCTOS-
HUH BUJ MOYTH BCEX OIEPaTOPOB, HMEIOIIHX (PU3HUECKHH CMBICT,
OCTaeTCsl HEM3BEeCTHBIM H 3aBUCHT OT BBIOOPA KOHKPETHOH CHCTEMHI,
THNA B3aHMOAEHCTBHI M T. A. DTO 06CTOATENBCTBO CTABUT Hac IMe-
pea BecbMa cTpaHHOH aAugeMMoi#. Ilpu oObluHoM omucaHuu H3Be-
CTeH BUA OHEepPaTopoOB, MMeILUX (H3HYEeCKHH CMBICJ, HO BpeMeHHAs
3aBUCUMOCTb COCTOSIHUH /MO0 HempejckasyeMma, JHOGO BLIUHCIEHUE
ee conpspkeHo ¢ OoapwiuMu TpyAHocTsiMUu. Ilpum omucauuum ¢ mo-
MOUIbIO HEINPHBOAMMBIX INpPEACTABJAEHHH CHUTyaLHsl NPSIMO IMPOTHBO-
NMOJIOKHA: BpeMeHHAS 3aBHCHUMOCTb COCTOSIHUH CJA€AYeT H3 uX
CBOUCTB WHBAPHAHTHOCTH, HO YCTAHOBHUTb BHJ ONEPaTOPOB, HMEH0-
mux ¢U3HUECKH CcMbica, upe3BblualiHo TpyIdHOo. M3 ckasaHHoro
CYUIECTBYEeT HCKJIOUEHHE: COCTOSIHHSI JeMEHTapHbIX YacTHI[ Npen-

') B xyaccuueckol T€OpHH 3T0 3aMeTH M eie KuaeiiH u ero yuenuku. CM. tak-
xKe paborbl [6—T7].
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CcTaBUMbI B BHUJAE CYNEepNO3ULHH COCTOSIHUHA eJiHCTBEHHOTO HHBa-
pPHAHTHOTO MHOXKecCTBa. VIMeHHO 3TO OOCTOSITENBCTBO H MO3BOJMHIO
Ge3 TpyAa HepeunuCaAUTh BO3MOIKHbIE YpaBHeHHs 1/ 3JeMeHTapHbIX
yacTHI, a He CTOJNb [JaBHO — C MOMOIUbIO OJAHHWX JIHUIb TEOPETHKO-
MHBAPHAHTHBIX coo0paxeHul — JOCTHUb H3BECTHOrO nporpecca B
YCTaHOBJIEHUH BUJA ONEpaTopoOB a7 GOJbIIHHCTBA (DH3MYECKH BaiK-
HbIX BeJu4yuH. YacTHlly MOXKHO CUMTAThb 3/J1eMEHTAapHOH B yKasaH-
HOM BBIllle CMbIC]E, eclH oHa He o0OsajaeT BHYTPEHHEN KOOpAHMHA-
TOfl, KoTopasi MO3BOJMWJIa Obl HHBAPHAHTHHIM 00pa3oM pasie/HTb
ee COCTOSIHMSI Ha JBe HAM Ha OoJbluee 4ucao rpynin. B stom ee
XapakTepHoe, OoTaHuYUTeabHOe cBoHcTBO. Hecayuafino, uro Bce age-
MeHTapHble YACTHIbl, B TOM YuCJAe€ H KBAHT CBeTa, NOAYHHSIOTCH
HeNnpUBOJHMMBIM YDABHEHUSM H, CJACL0BATEJbHO, MPeACTABJIAIT CO-
Golt 371emenTapHble cucTeMbl. [1ocKOABKY B KiaccuuecKofl MeXaHHKe
TBepjoe Tel0 MOXHO paccMaTpuBaTh KaK aHaJOr 3J1eMeHTapHOH
YaCTHUILl, TeOPETHKO-TPYNIIOBOe OMUCaHie IBHMEHHS TBepAOoro Tesa
cneayer cuutaTh Hanbodee IIyOGOKHM aHAJIOrOM TOJABKO YTO H3JO-
»KEeHHOTo pe3yJibTaTa.

Bropoe, Ha 4TO 51 XO0Ten Opl 06pATHTh BHHMAaHHE NpPU CPABHEHHH
KBaHTOBOH H [OKBAaHTOBOH TEOpHH,— 3TO pOJib TakuX Hnpeolpaso-
BaHUHl, KaK oTpaxeHHUst (HHBEpPCHH), KOTOpPbIe He MOTYyT OBITH MO-
poxkKaeHbl UH(MUHHUTE3UMa bHLIMK 3JeMeHTaMu. B kiaaccuueckoit du-
3HKe 3TH Npe0oOPA30BAHHSI He UTPaJH CKOJBKO-WHOYAbL 3HAUUTE/b-
HOH posau, HO MpH 06Cy:KAeHHW (YHAaMeHTaJbHBIX ypaBHEHHI H
Ipy¥ NONBITKaX HAUTH MX TOUHble pellleHHsl 0KA3aJHCh BechbMa IeH-
HblMU. K mepBoft KaTeropuu OTHOCHTCA, HANpUMep, 3aMedaHue:
TeopHus [8], B KoTOpoi#l HEHTPHHO OTOKIECTBJAAETCS C AHTHHEHTPHUHO
3a cueT TOro, 4T0 K HHBEPCHH MOPOCTPAHCTBA MPUCOENHHAETCH HEJH-
HeliHAs ofepauys — nepexo]l K KOMIJIEKCHO CONPSIXKeHHOH BOJHO-
BOH (YHKIUHMH, — He MOXKeT ObiTb COCTABHOH YacThI0 TEOpPHH, OMH-
chiBawued 4actHupl obbludoro tuna [9]. Eute Goaee apkum npume-
pOM MOKET CJAYXKHTh HaXOXKIeHHe pelleHUH (yHIaMeHTaJbHBIX
YDABHEHHH ¢ HCHOJb30BAHHUEM HHBAPDHAHTHOCTH OTHOCHTENBHO OT-
paxednii. MMeHHO TaK yaa/noch NPUHATH K MOHATHIO KBaHTOBOIO
uyucaa Jlanopra — 4eTHOCTH — OJHOMY H3 Han0o/ee Ba:KHBIX MOHS-
THH CMEKTPOCKOMIHH.

O61ilee BrevyatT/eHne OT KBAHTOBOI MEXaHHKH H TEOPUU HHBAPU-
AHTHOCTH €€ ypaBHEHWI MOXKHO BHIPa3uTh, ecau nNpuberdyTh K Me-
Hee KOHKPETHOMY, HO BPAL JIM MeHee TOUHOMY $3bIKY: OHH 06pasyloT
Hepa3pbiBHOe uejoe. CKazaHHOe CIpaBeUIMBO INOYTH B TaKOH XKe
cTeneHy, Kak ¥ B obulel teopun ortHocuTenbHoctd, [locaennum u
Haubosee yOeJHTEJBHBIM - [IOATBEPIKAEHUEM CIIPaBelJUBOCTH STHX
CJI0B MOXKeT CJAyXKHUTb KBaHTOBas 3jiekTpoAuHamuka IIsuHrepa: ero
TEOPHI0 BOOOIle HEBO3MOXKHO CHOPMY/IHPOBATh, He PA3BHB OpPraHH-
YeCKH BXOASALLYIO B HEC TEOPHI0O WHBAPHAHTHOCTH COOTBETCTBYIOLIHMX
BeJUUHH H BblpaxeHufl. Bojee TOro, MHOrHe NMOJaraioT, YTO HMEHHO
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B 3TOM €IHHCTBE M COCTOHT Haubojee BaxKHbH ycneX teopuu LlBun-
repa. [lo ux MHeHHIO, Aaxe OObsiICHEHHE paHee HEU3BECTHHIX, 4 Te-
nepb TBEPAO YCTAHOBJIEHHBIX 3KCMNEPHMEHTANbHBIX (aKTOB HMeer
JJIS HAC MeHbllee 3HaUeHHe, YeM YBEPEHHOCTb B TOM, YTO Mbl BCETJa
NPHAEM K ONHHM H TE€M »Ke pe3yJbrataM, ecad 6yJeM HCXOJUTb H3
HayajbHBIX YCIOBHH, JAHUIb HeCYIUECTBEHHO OTJIHYAIOUINXCA APYT OT
Apyra, U NpOU3BOJUTb BBIUHC/JAEHHUS AJ5 TeX HJIU HHBIX (PU3UUYECKHX
SIBJEHUI HHBaPUAHTHBIM 06pasoM.

COXPAHEHME 3JIEKTPUYECKOTO 3APAIA

Moii 06G30op posu HHBAapHAHTHOCTH B KBAHTOBOIl MexaHHKe Obli
Obl BeCbMa HENoJIOH, ecqau Obl g He ynoMaHya o0 OAHOM JHCCOHAH-
ce B rapMOHHM MeXJYy KBAHTOBOH MEeXAHMKOH H CTAPbIMH NPHHIH-
naMy MHBAPHAHTHOCTH. $1 HMeK B BHAY 3aKOH COXPaHEHHUS 3JeK-
TpHUEeCcKoro 3apsla. B To Bpemsi KakK 3aKOHLl COXPaHeHHs BCeX
OCTaJIbHBIX BeJNMUMH, TAKHX, KaK 3HEPrHsl MHJIH YIVIOBOH MOMEHT,
€CTeCTBEHHO CJEAYIOT U3 NPUHIUIOB HHBAPHAHTHOCTH, BCE NOMBITKH
MOABECTH IMOJ 3aKOH COXPAHCHHS 3JeKTPUUECKOTO 3apsfa CTOJb Ke
o6LIyI0 OCHOBY [0 CHX IIOp He YBeHUaJHChb yciiexoM. Pasymeercs,
B KJACCHUECKO MeXaHHKe Je0 oBCTOSIIO TOYHO TaK »Ke, HO B KBaH-
TOBO# MeXaHHMKe C NpHCylled el MPOCTOTON CBSI3H MeEXKAy HHBApH-
AHTHOCTBIO U OOGBIYHBIMH 3aKOHAMH COXDaHeHHsI CHTYauus BbIIJIsi-
IHUT OoJiee NIOJA03PUTEJBHO.

KpaTtkoe omnucanHe BblBOJa OGBIYHBIX 32KOHOB COXPaHEHHs MOM-
TBEPAHT CKa3aHHOe OoJiee HArMIAAHO, YeM abCTPaKTHbie paccykje-
Husl. UToObl BHIBECTH 34KOH COXPAHEHHs UMIYJbCa, CHayaJja CTPOAT
COCTOSIHHSA, B KOTOPBIX KaKaf-HMOYAb OAHA KOMIIOHEHTA HMIYJbCa,
HalnpUMep B HANpaBJCHHH OCH X, UMeeT OlpelejeHHOe 3HadeHHe p.
s storo BoIOMPAIOT NPOU3BOJBHOE COCTOSHHE (o CHCTEMbI, s
KOTOpoH TpelyeTcsl JoKa3aThb 3aKOH COXPaHEHHs, H CTPOSIT BCE CO-
CTOSIHHSI Q,, BO3HHKAIOHME I[pPU CMEeNIeHHH CHCTEeMBl M3 COCTOf-
HUSl (o Ha @ B HANPAaBJEHHH OCH X. 3aTeM PaccMaTpPHBAIOT CyIep-
NO3HLHUIO COCTOSHHN @, ¢ Koathduunenramy e-ipe

f°° Q. iPda.

—o0

Cocrosinue M, obnazaer TeM CBOHCTBOM, YTO HOBBIH CABHI Ha b
NPUBOJAUT K yMHOXKeHHIO Dy Ha eiPb, 1. e.

+ oo + oo
[ Paipe”Peda = f e~ P =g = eirb®,,
-~ oo — 00

TaKoe COCTOSIHHE Ha3biBaeTCs UHCTbIM COCTOSIHHEM C KOMIIOHEHTOH
UMNyJbca B HalpaBieNuHn OcH X, paBKo# p. CBOHCTBO cocrtof-
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uust @p NepexodUTb Npu cABUrax Ha b B cocTosinne eP?®, c Te-
yeHHeM BpeMEHH He yTpauyMBAaeTCs: €CJAH [0 HCTeUeHHH HEeKOTOPOro
mepuojia BPEMEHH COCTOSIHHE (o NEPexOAHT B g, TO COCTOAHHE g
NEePeXOAUT B Yo, KOTOPOE Noayuyaetcss H3 Yo NPH CABHre HA . IDTO
caeflyeT H3 HMHBAPHAHTHOCTH ypaBHEHHI [BUXKEHHS OTHOCHTEJBHO
cABHIOB. BcjeacTeue 3TOH HHBApHAHTHOCTH H JIHHEHHOCTH ypaB-
HeHHH ABuxKeHUA cocrosinne B, 3a TOT Ke NPOMEXYTOK BPEeMeHH
NepexoJUT B COCTOSIHHE

+ o0
= f pee~ireda,
—00

[Tpu casure Ha b Beauuuna ¥, ymMHoxkaerca Ha e'Pb. Takum obpa-
30M, CBOHCTBO, KOTOpPOe XapaKTepHU3yeT COCTOSIHHE C HUMIIYJbCOM p,
He yTpauuBaeTCs CO BpeMeHeM. B 3TOM M COCTOHMT 3aKOH COXpaHe-
HUST UMITYJbCA.

AnasnoruuHble paccyX/IeHHs, IPHMeHEHHble K JPYIHM npmum-
naM HHBApHAHTHOCTH, NPUBOASIT K JAPYrMM 3aKOHAM COXPaHEHHS.
BoJsee TOro, KBaHTOBaHHe M AOMYCTHMble 3HAUEHHs] KBAHTOBAHHBIX
BEJMUYUH TaK:Ke €CTeCTBEHHO BO3HHKAIOT H3 MNPHBEIEHHOIO BbIIIe
aHaau3a. Hanpumep, KBaHTOBaHHWe YIJIOBOTO MOMEHTa siBJAdeTCA
CJIEJICTBHEM YCJOBHS, COMJIACHO KOTOPOMY IOBCPOT Ha 2m Bcernaa
BO3BpalllaeT CHCTEMY B HCXOAHOE COCTOSHHE.

Huxkaxux coobpaxKeHuii, KOTopble MO3BOJHAN Obl OObICHHTH 3a-
KOH COXpaHeHHs 3JeKTPHYECKOro 3apsiia H IO OOLIHOCTH H HpO-
croTe Gbliin 6Bl CPaBHUMBL ¢ NPHBEJEHHBIMY Bblle, He H3BeCTHO. 13
KJaCCHUECKOH TEOPUH MOXKHO 3aHMCTBOBATBH Cae]ylolllee paccyKie-
aue!). IlpeanonsoxuM, uTO C NOMOILBK) KaKOre-TO IpOLEcca Mbl
MOKEM CO03/JaBaTb 3apsifibl B HEKOTOpoH 3amkHyTol cucteme. [lo-
MeCTHM 3Ty 3aMKHyTylo cucreMy B KiaeTky Papanes, sapsgum
KJIETKY W CO3JaJUM B Halled 3aMKHYTOH cHCTIeMe OlpeilesneHHHH
sapsan. Jasg storo notpefyercss 3aTPaTHTb HEKOTOPOE KOJHYECTBO
snepruu E. TlocKombKy HM ofHO (hu3HuecKoe sIBIEHHE HE 3aBHCHUT
OT aGCOJIIOTHOTO 3HAYEHWsi MOTEHIMaJa, KOJHYeCTBO SHepruu E He
MOKeT 3aBHCeTb OT NOTeRuUasa KaeTkn Papades, BHYTPH KOTOPOH
cosnaeTcss 3apsil. M3Bieuem 3aTeM Hauly 3aMKHYTYIO CHCTEMY H3
kiaeTkH Papajges W NepeHeceM ee MNMojaJjblile OT KjaeTkd. Ilpu stom
Mbl TOJIYUYHM HEKOTOpoe KoJnuecTBo pabothl W. O6GpaTuM Temepb
npolilecc, KOTOPHIH npuBes K 00pa30BAaHHIO 3apsila, H MOJYYAM KO-
JMUYeCTRO HepruH E, paBHOe paHee 3aTpayeHHOlN 3Hepruu, MOCKOJIb-
Ky fpolecc B 3aMKHYTOH cHcTeMe He JOJXKeH 3aBUCeTb OT abco-
JIOTHOrO 3HAYEHHS 3J€KTPHUECKOro MOTeHUHAAa, NMOA KOTOPbIM Ha-
xoauTcst cucteMa. Pa3psikeHHy0 CHCTeMy BHOBb IIOMECTHUM B KJeT-
Ky ®apagnes. Ilpy 3TOM HaM He mpuJeTcsl NPOU3BOAUTH HHKAKOH

'} Ha wero oGpatun name suuManue OnnenrefiMep Bo BpeMs AHCKYCCHH, NO-
crenoBapllel 3a JOKJIafoM,
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paboTbl. TakuMm o6pa3om BO3HHKAaeT 3aMKHYTBHI LUK, MPH COBEp-
HWIeHHH KOTOpOro Ml noJgyuyaeMm pabory W. Ho, coraacHo nepsomy
HayaJy TePMOJHHAMHKH, 3TO HEBO3MOXKHO; C/el0BaTe/ bHO, OJHO U3
HaUlMX HCXOLHbIX JONYIIEHHH [NOJKHO OblITb JOXKHBIM. TakuM J0-
NyLleHHeM fBJAseTCsT MPeANoJOozKeHHe O TOM, YTO 3JeKTPHYECKHH
3apajg MOKHO CO3AaThb BHYTPH 3aMKHYTOH cHCTeMbI,

[TpoBeaenHoe TOABKO uTO paccyXkaeHHe MOKAa3biBAe€T CBA3b Me-
KAy 3aKOHOM COXPaHeHHs! 3JeKTPUUECKUX 3apAfoB H MOPednoJao-
JKEHHEM O HeCyLieCTBEeHHOCTH a6COMIOTHOH BeAHYMUHBI 3JeKTpuye-
cKOro norenuuana. OHo OBIJIO MepeBeleHO Ha SI2bIK KBAHTOBOH Me-
XaHHKH W npuobpeno Gojee H3sWHBLIA ¥ o0mwnd Bua '), M Bce ke
OHO OcCTaercA MeHee yOelHTeNbHBIM, UeM pacCy:KIeHHs, NPUBOASA-
mHe K JAPYrHM 3aKOHaM COXpPaHEHHA, H, pa3yMeeTcs, He MO3BOJSAET
y4eCcTb KBAHTOBAHUE 3JEKTPHUECKOro 3apsijaa.

OrcyterBre noaHOW SCHOCTH B 00OCHOBAHUM 3aKOHA COXpPaHEHHS
3J1eKTPUYECKOr0 3apaia MOJAHHMAaeT HeCKOJbKC BayKHBIX BOMPOCOB,
Het sy B H3BeCTHOH HbIHEe CXeMe KBaHTOBOH MEXAHHKU CYLIECTBEH-
HbIX npobenoB? B 4acTHOCTH, He $BJAfAETCH JM KOMILJIEKCHOE THJIb-
6epTOBO MPOCTPAHCTBO oJee NOAXOAAUIEH OCHOBOH A/ ONWCAHUA
BeKTOpoB cocroauuit? He npuBeaer /MM uCNOAb30BaHHE THIEPKOM-
NJEKCHBIX BOJHOBBIX (DYHKUHH K CYLLeCTBEHHO HHBIM Pe3yJabTaTaM?
Eue Gosee BaKeH, HECOMHEHHO, BONPOC: §IBJAAEICS JIH CYLIECTBO-
BaHWe 3aKOHa COXpPAaHeHHs XapaKTepHOH uepToll B3auMoeHCTBHHA
3JIeKTPOMATHHTHOIO THMA WJAH Mbl BCTPETHM (2 MOKeT OBITb, yiKe H
BCTPETHJ/IH %)) aHAJOrH4Hble 3aKOHBl COXPaHEeHUS H NMPU B3auMOMeli-
CTBUSIX APYTHX THUIOB?

1y Cwm. paGory [1], a Takxke paboty Befinsa [8].

?) BroaHe BO3MOXK}O, HANpHMeP, YTO yCTOHUHBOCTL NPOTOHA OBYCJOBJeHa Cy-
[EeCTBOBAHNEM KakOro-TO 3daKOH4d COXPAHEHHA YHCJAA HYKJIOHOB  (IPOTOHOB
W HeHTPOHOB) TakK Ke, KAK YCTOHYHBOCTb 3/JE€KTPOHA — 3aKOHOM COXpaHEHHA 3JeK-
Tpuyeckoro 3apsaa. Ecan Obl TAaKOro 3aKoHa COXPaHEHHsA HE CYLIECTBOBAJO, TO MPO-
TOH MOr Obl [peBpalaTbca B MO3HTPOH, HCIYCKad NpPH TOM KBAHT CBeTa, TaK Xe
Kax 31eKTPOH B OTCYTCTBHE 3aKOHA COXpaHeHHs 3JeKTPHUECKOTO 3apsifia Mor Obl
pacnanaTbCcs Ha KBaHT cBeTa u melTpuHo. s 10Ka3aTeNbCTBa 3aKOHA COXPAHEHHA
yhcada HYKJAOHOB MOXKHO BOCIIOJB30BATLCSA TeM JKe MbICJAeHHBIM 3KCIepHMEHTOM, KO-
TOPEIH OpHBEJ K YCTaHOBJIGHHIO 34KOHa COXpaHeHMs 3/JeKTPHYECKOro 3apsiga, HO
YMBILLIEHHO TPHAATL €My CJelyollyio, HecKoabKo HesicHyio ¢opmy. ITlpexnnono-
2KHUM, 4TO TaKOro 3aKOHa COXpaHeHHd He CYLleCTBYeT. Toraa nuuto He npenar-
CTBYeT POJEHHIO ABYX HYKJOHOB Ha PacCTOsSIHHN, BHauaje Goaplliem paiuyca Ael-
creus aaepinlx o [lycrs sa poXeHHe IBYX HYK/JIOHOB PAacXOLYeTCs SHeprus
E. C6au3uM HYKIOHB H NOJYYHM MPH 3TOM HEKOTOpoe Ko/auyecTBo paGotel W.
[Tycth 3aTeM HYKJOHE aHHUTHAMDYIOT, BLICBOGOXJas 3aTpauyeHHYIO DaHee 3Hep-
ruro E. B urore Mbl nosiydaeMm BHINTpHIL B 3Hepruy, pasupii W. Pasymeercs, ome-
pauly Takoro poga HeBO3MOXHbL. IIpHUHMHY 3TOTO cjedyeT HCKaTh BO MHOTHX (H-
3U4eCKHX fBJEHHUsX, HampUMep CBA3aTb C TeM, YTO Helb3s LOOGHTLCS AOCTATOUHO
TOYHOH JIOKA/JIM3allHH CHCTEM, B. KOTOPHIX [OJKHO NPOHCXOAMTH DOXKIEHHe HYKJO-
HOB (T. e. OTHECTH 3a CueT CYIeCTBOBaHUs (yHAaMeHTalbHOR anunbl). TouHo Tak
K€ HEeBLINONHHMOCTbL ONHCAHHOrO 3KClEepUMEHTa MOXHO CBA3aThb € 3aBUCHMOCTBIO
sneprun E, KoTOopyio Heo6xonuMo 3aTpaTuTh AJs POXKJAEHHsi HYKJAOHOB, or abco-
JIQTHOTO 3HAUeHHS SIAEPHOTO MNOTeHL{Maja. Hallla Touka 3peHuss OT/MIHYHA or 06eux
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Teopusi OTHOCHTEJABHOCTH, K 06U/ KOTOpOil OblMa HamucaHa
AaHHast cTaThd, oforatiiaa GU3HKY B ABYX HanpaBaeHusax. OHa yka-
3ajia BbIXOA H3 OCTPLIX NPOTHBOpPeYMH U TPYAHOCTEH, BO3HHKLIUX
B pesy/abTate 3Kcnepumentos Maiikenbcona — Mopau, Puso, Tpy-
toHa — Hobaa wu ap. Hafitu BeIX0oA mo3Boausa rayGoKHi aHaaHu3
KOHILEMIHNH MNPOCTPAHCTBA-BPEMEHH, H DPe3yJabTatbl 3TOrO aliajgusa
HblHE COCTaBJAAIOT HEOTheMJ/JAEMYIO 4acTb apceHasa 3HAHHU J1000r0
¢usuxka. Eme Gosee Henpexoasuiué v OoJee BaXKHbLIH BKJIaA B €O-
KPOBUIIHHIY (H3HUECKUX H/JAeH TeOpusi OTHOCHTEJLHOCTH BHec]a
KOCBeHHBIM nyTeM. Cpeau TaKHX <«IOGOUHBIX INPOAYKTOB» TeOpuH
OTHOCHUTEJbHOCTH OCOOEHHO BaKHOe 3HauyeHHe KMeeT JOKa3aHHas
(3330 HeO(’)XOILI/IMOCTb H IIJIOZOTBODHOCTDL aHaJiM3a BIMNOJAHE YyCTaHOBHUB-
IIUXCA M, Ka3aJ0Ch Obl, XOPOUIO H3BECTHBIX NOHATHH, KOTOPbIE MHO-
rae MokoJieHust BOCIOpHUHUMAaJ/JA KAK HEUTO NPHUBLIYHOE. Teopuﬂ OTHO-
CUTEJABHOCTU MNPOAEMOHCTPHPOBAJA TAaKzKe BCIO BaXXHOCTb IMNOHATHUA
HHBAPUAHTHOCTH X pacllupHuJ/a ero paMKi. 3t1e ee JOCTU2KEeHHe, 110
MOE€MY MHEHHIO, ¢ IOJHbIM OCHOBAaHHMEM CJedyeT CUHTATb BTOPLIM
10 3HAUYEHHIO U3 €¢ KOCBEHHLIX pe3yJ/abTaTOB.

Bripaxaio cBoio mpu3HaTeJbHOCTH baprmany sa KpUTHUECKHE
3aMeuaHusi U OOCy:KJAeHHe BONPOCOB, 3ATPOHVTHIX B HaACTOsIEH
CTaTthbe.
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BLILIEH3JIOXEHHBIX; peaibHOe pellleHue NapajoKca, [0 HalleMy MHEHHIO, CB3aHO
C TeM, UTO POXKIEHHe ONHHX JHLIL HYK/JIOHOB (6e3 pOKIEHHs AHTHHYK/JIOHOB) He-
BO3MOXKHO. B KauecTBe TpeTbero. nposiB/JIeHMsi aHAJOTHH MeXK1y 3aKOHAMH COXpa-
HEeHHs 3JeKTPUYecKoro 3apsifa U uyuc/ia HYKJOHOB CledyeT YNOMsAHYTb PaBEHCTBO
«ME3OHHOIO 3apsiia» y BCeX HYKJOHOB (XOTsi HEKOTOpble 3KCIEPHMEHThI, MpOBe-
JleHHBle B MOcJejHee BpeMs, CBUIeTeNbCTBYIOT 06 obpatHom). Eciu paBeHCTBe
«Me30HHbIX 3apAJ0B» PA3JHUHBIX HYKJOHOB MOATBEpAHUTCSH, 3T0 GYyIeT CBHAETENb-
CTBOBaTh O TOM, YTO Me30HHBIH 3apsij[ aHAJOTHYHO XOpOIIO M3BeCTHOMY KBAHTOBA-
HHIO 3JIEKTPHUECKOTO 3apsla TakXe AONYCKaeT KBAHTOBAHHE.
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CHUMMETPHA U 3AKOHb! COXPAHEHMUS]!)

BBEJEHHE

CuMMeTpHsi, HHBAPHAHTHOCTb H [Aa)Ke 3aKOHbl COXDAHEHHA, He-
COMHEHHO, HTPaJM BaXKHYIO POJib B MBIIIJIEHHH TAKHX KJaCCHKOB
¢pusuxu, kak I'anuaeit 1 HploToH, a moxeT Oblth, U UX IIpeillecT-
BeHntikoB, OMHAKO 3THM HJEeAM He NpPHAaBaju 0ocoboro 3HaveHus,
M B SIBHOM BHAe HX (OpMyJupoOBaIM KpaliHe peAko. YpaBHeHHA
HbioToHa He mpeanoJsarajgu CyLIeCTBOBAHHUS BBIJ€JeHHOH CHCTeMbl
KOOpJAUHAT, MO3TOMY BCE HallpaBJEHHS H BCE TOYKH MPOCTPAHCTBA
0CTaBaJHCh MHBapHaHTHBIMH. KaK Mbl TeHmepb rOBOPHM, YpaBHEHHS
HplotoHa O6bliM HHBApHAHTHBIMH OTHOCHTEJNbHO BpallleHHA u na-
paJie/ibHbIX TepeHocoB. To »Ke MOXKHO cKas3aTb H B OTHOLUEHHH
HbIOTOHOBCKOT'O 33aKOHA4 BCEMUPHOro TSroTeHud. 3t PpakTel W TH-
MoTe3a O BO3MOXKHOCTH 3aKOHOB HNPHPOABI, 00/1aa10UUX MeHbilel
cHMMeTpHeH, He CUHTAJIHCh OcCOGEeHHO BaxHBIMH. UTO Ke Kacaercs
3aKOHOB COXPaHEHHf, TO 3aKOH COXpPaHEHHs 3HEPruyl HCIOJb30-
BaJicsi M OblJl MHCTHHKTHBHO OCO3HaH B Mexaruke euje no I aJau-
Jgesa?). 3aKoHbl COXpaHeHHd HMIYJbCa H YIJIOBOTO MOMEHTa B HX
HauboJjiee NOJHOM BHE HCIOJB30BAJHUCh He OYeHb IMIHUPOKO, XOT
B YACTHOM CJyuae LEHTPaJbHOTO [BHKEHHS OHM, pa3yMeercsi, mpH-
BOJAT K OAHOMY H3 3akKoHOB Kemiepa. B GoJibIIHHCTBE KHHUT 1O
MexaHWKe, HallHCAHHBIX B KOHIe NPOILLIOro Beka H jaxe [0O3JLHee,
BOOOIle He yNOMHHaeTcs obliad TeopeMa O COXPaHEHHH YIJIOBOTO
moMeHTa ). Mexay TeM 3Ta Teopema JOoJkKHa Oblia ObiTh oGlIie-
HN3BECTHA, MOCKOJbKY MEXaHMKM, 3aHUMaBliHecss NpobJjeMoil Tpex
TeJ, rJie OHA HCIOJb3yeTcs, pa3yMeeTcsi, HEOJAHOKPATHO NpHbGerau
K Heil. M Bce e [JOJIXKHOrO BHUMAaHHS TOH TeopeMe He YAedsiIoCh.

TTosoxKeHHe PE3KO HU3MEHHJOCh, KOTAa (B OCHOBHOM MOCHAE I0-
sBJeHHA Teopull DHHIITENHA) CTAaJH YAEJSATh MHOTO BHHMAaHHA HH-
BADHAHTHOCTH YVpaBHeHHH. DHHIITEHH B fIBHOM BHIe cOPMYJHPO-
BaJ MOCTYJaThl O CUMMETPHUH NPOCTPAHCTBA, T. €. 06 3KBHBAJEHT-
HOCTH HanpaBJeHHH W pa3/HYHBLIX TOYEK NPOCTPAHCTBA, NPHUYEM CHe-

1) Ony6auxopano B xypHate: Proc. Nat. Acad. Sci., 51, Ne 5 (1964).

2) T'amenn [l] sameuaer, uto Hopnanyc ne Hemyp (okoso 1300 r.) yxe Baa-
Jea Hanbosee CylecTBeHHBIMH CTOPOHAaMH NOHSTHS, KOTOPOE Mbl TENepb OTOXKAE-
CTB/sieM C MeXaHHYecKoi sHepruefl, a Jleowapao xa Buuum mocry.aupoBasn HeBo3-
MOXKHOCTb BEUHOT'O JBHraTe/sl. :

8) Tak, Kagxopu [2] ynensier 9o TeopeMe DOBHO NOJNCTPOYKHL
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naj 370 B BecbMa sipko#l gopme!). TeMm cambiM DHHIUTEAH B MOJH-
¢GUUMPOBAHHOM BHJE BHOBb YCTAHOBH/ 3KBUBAJEHTHOCTb KOODIH-
HATHBIX CHCTEM, HaXOAAUIUXCS B COCTOSAHHH ABHXKEHHA H NOKoA. Uro
e Kacaercss 3aKOHOB COXPAHEHHUS, TO HX 3HAUEHHE CTAJNO0 OUEeBH[-
HBIM, Koria (HU3MKH, 3auHTeDecoBaBlIHCh MoOJenblo aTtomMa bopa,
OCO3HAJH BCIO BAXKHOCTh TeOpeMbl 0 COXPAHEHHY VIJIOBOIO MOMEHTA.
MHe 10Besoch ObITh KUBBIM CBHAETE/eM TeX JAHeH, H 1 MOMHIO Bce-
O6LLYI0 YBEPEHHOCTb B IIPABHJABLHOCTH 3TOTO H JAPYFUX 3aKOHOB CO-
xpaHenus. [IpuunHbl A TaKOH YBepPEHHOCTH OBbIM AOCTATOYHO
OCHOBAaTeJbHbIMH, NocKoIbKy [amenp ewle B 1904 r. yCTaHOBMA
CBSI3b MeX/Jy 3aKOHaMW COXDaHEeHHs W (PyHAAMEHTAJAbHBIMH CHM-
MeTpusIMH IpoctpaHcTBa u Bpemenu [4, 5] Xorg ero ocHoBonoJaa-
rapouas pabora ocralach NPaKTHYECKH HEH3BECTHOH, mo KpaiHel
Mepe cpeln GHU3HKOB, YBEPEHHOCTb B 3aKOHAaX coXpaHeHus Obiia
CTOJIb CHJIBHOM, KaK ecsu Obl OCHOBHbie Wieu ctaTbd [ aMess moJay-
yp/u BceoGllee npusHaHue, IDTO elle pas MNOATBEPXKAAET, 4TO B
MblLJIeHUH (H3MKa GOMbLIYIO POJib HTPAET He 3HAHWE, a HHTYHLMS.

C KoHlla NpOLILIOTro BeKa Halile OTHOLIEHWE K CHMMETPHAM H 3a-
KOHaM COXPaHeHHs ONHCaa0 NOYTH MOJHBIA Kpyr. B Hactosiuee
BpeMsi TPYAHO HaHTH CTaThIO, MOCBAIIEHHYIO (GYHIAMEHTAJbHLIM
npobaemaM QU3HKH, B KOTOPOH He YIOMUHAJIUCH Obl NPUHUUIBLI HH-
BAPUAHTHOCTH, @ 4BTOP B CBOHUX pacCyXKIAeHHUSIX He UCXOAUA Obl H3
NpeANoOKeHNs, HHOrLa H3JIHIUHE WHPOKOro ?), O CyIecTBOBaHHH
CBSI3Y MeXAYy 3aKOHAMH COXpaHeHHUs M NMPUHIUNAMH HHBAPUAHTHO-
ctd. KpoMe Toro, mMOHATHE CUMMETPHM M HHBAPHAHTHOCTH pacmpo-
CTPAHHAOCH Ha HOBYIO 004acTb, KOPEM KOTODOH JexaT HaMHOro
Hajblle OT HEMOCPEeJCTBEHHOro ONbiTa M HaOJMIOJeHHs, YeM y KJjac-
cHueckKofl 06JacTH NPOCTPAHCTBEHHO-BPEMEHHONH CHUMMeTpHH. YuH-
ThiBasi 3TO, Mbl CUHTaeM I0JEe3HBIM HauaTb ¢ OOCYXJeHHs OTHOIIe-
HUSL MeXy SBJCHUAMH, 3aKOHAMH NPHUPOIBI B NPUHUUNAMH HHBA-
puanTHocTd. HHTepecywlllee HAc OTHOUIeHHe HEOJHHAKOBO. s
K/1aCCHYECKMX MPHHUUIOB HHBApHAHTHOCTH, KOTOpbIe Mbl OyAeM Ha-
3pIBaTb TEOMETPHUECKHMH, M HOBBIX NPUHIHUNOB HHEBAPHAHTHOCTH,
KOTOpbie Mbl Ha30BeM AHHAMHYeCKHMH. B 3akmiouenue a xorea Obl
paccMorpeth ¢ 0Oojee 3jeMeHTApHOH, 4YeM 3TO OOBIYHO [ejaercs,
TOUKH 3PEHHS CBsI3b MeX/Jy 3aKOHAMH COXPAHEHHS H NPHHUMIAMH
MHBAPHAHTHOCTH,

ABJIEHUS, 3AKOHbI IIPMPOADLI WU IMPHUHLUMITEI MHBAPHAHTHOCTH

[IpoGaema cBs3u, CyllecTBYIOIleH MeXly 3THMH NOHATHAMHU, He
HOBa — OHa yKe AaBHO (CHauaJja nouTH 6ecco3HaTeTbHO) 3aHUMAET

1} Cwm., Hanpumep, 'ero noaynonyaspHyio Gpomtopy [3).
?) Cm., Hanpumep, craTblo aBtopa [6], a Takxe paGory Miopan [7] u Gosee
nosjHolo padory [puntepra [8].
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mofelt. MenHo H03TOMY HHTEepEeCHO PaccMOTpeTh ee B CBeTe Ha-
mero OGoJblLIero ONbiTa M, Kak Mbl Hajeemcs, OoJiee 3pejoro mo-
HUMAaHHS.

C BecbMma aGCTpaKTHON TOUKM 3peHHs cylluecTeyer rayGokas ana-
JIOTHSI MeXK]y OTHOLIEHHEM 3aKOHOB MPHUPOABl K SIBJEHUAM, C OJHOM
CTOpOHbI, H OTHOLIeHHEeM HPI/IHHHHOB CIrIMMQTPHII K 3aKoHaMm HpH-
poabl — ¢ Apyrofl. Mpl HauHeM CBOe DaccMOTpeHHe ¢ NMepPBOro OT-
HOLI@HHS, T. €. C OTHOIUEHHS 3aKOHOB NPHPOALI K ABJIEHL M.

Ecau 6n Mbl 3naam MoJOKEHHE KaKo#-HUOYIb TNaalieThl B J10-
6081 MOMEHT BPEMeHM, TO 3aKOHbl (DH3HKH le MOTJH Obl COOOUIMTD
HAM OTHOCHTE/BHO [IBHKEHHA 3TOH NJaaHeThl Huuero nosoro, BepHo
u fojee obllee yTBep:KAeHHe: ecad Obl Mbl pacrnoJgarajy MOJHOH
urpopmanreil 060 Bcex coOBLITHAX B MHPE HE3aBHCHMO OT TOTrO, e
U KOI'mA OHU NPOUCXOAAT, TO 3aKOHbl (PU3NUKM, a B ACHCTBUTE/IbHO-
ctd ¥ moboi Apyrofl Haykn Oblad Obl HaM He HYXKHBHL § u3pekato
BeCbMa OYEBHAHYIO HCTHHY: 3aKOHbI €CTECTBEHHBIX HAYK [MOJE3HbI
HaM MOTOMYy, 4TO 6e3 HMX Mbl Obl 3Ha/JdH O MHUpE ropasio MeHblle.
Ecau Onl nmogoxkeHue IadeThbl OblIO U3BECTHO 45 JIOGOr0 MOMeH-
Ta BpeMeHH, TO MaTeMaTHUYeCKHe COOTHOIIEHHS MEKAY ee pasJiny-
HBIMH NOJOEHHSIMH, BBITEKAWOLIHe H3 34KOHOB ABHKEHHs IJaHeT,
He ObliM Obl HAM HY:KHbi, HO MOIVIH Obl IPEACTABJATH H3BECTHBHIH
nurepec. CosepllaHHe 3THX 3aKOHOMEPHOCTe! AOCTABJAIO Obl HAM
HEKOTOPOE YAOBOJBCTBHE M pasBJ/CUeHHe AaxKe B TOM TJyuae, ecH
Gbl OHM M He cOlep:Kanu HOBOH undopmauuu. Y Brce ke, NOABHCH
y KOro-HHOyAb KaKHe-TO MHble AAHHLIE O ABUAKC¢HHH TOH Xe mja-
HETBI, Mbl, OUEBHJHO, MOIJIH Obl BO3PA3HTb €My € OOJBIIHUM yCleXoM,
ecad OBl NpefcKasbiBaeMble HM [I0J0XKEHHA MNPOTUBOPEUHJIH 3aKO-
HaM ABHKEHHs MiaHeT (pasymMeeTcs, NMPH YCJOBHH, UTO Mbl yO€xK-.
IleHbl B TIPABUJIBHOCTH 32KOHOB TNPUPO/bI, BOMJOLEHHLIX B 3aKOHaX
JNBUKEHUS [IJ2HET).

O6paTtumcs Tellepb K OTHOIUEHHIO CHMMETPHH, HAH TIPHHIHIIOB
MHBADHAHTHOCTH, K 3aKOHaM NpHpoAw. Ecau 3akoH mpupoabl, Ha-
NpUMep YypaBHEHUs JEKTPOJAHHAMHUKH, H3BECTEH, TO 3HAHHE Pa3JIHy-
HblX TOHKHX CBOMCTB 3THX YpaBHEHHI HMUYETO He AoGaBAsieT K HX
tdhuzuueckoMy coep:xkanuio. HMuTepecHo OTMeTHTL, UTO KOppesiiuu
MeKAy COObITUAMH, MpeACKa3blBAeMbIMH ypPaBHEHHUSIMH, OCTalTCS -
HeM3MEHHBIMH HE34aBHCIMO OT TOrO, HaXOJAHUTCS JH HaGJalOLaTeab B
COCTOSTHUY MNOKOSl HJH PaBHOMEPHOr0 NPAMOJUHEHHOro ABHIKEHHS.
Bce xoppeasnuud Mexjay cOOLITHAMH, OJHAKO, ONDENEsiioTCs yKe
caMyMH yDaBHEHHAMH, H YIMOMAHYTbIHl (PAKT HHB&PHAHTHOCTH ypab-
HeHu#l He M3MeHSIET HHM YHCJAa, HH XapakTepa 3THX KOppeastnui.

O6o6uias Ty ke MbIC/b, MOXKHO CKa3aTh, YTO ecJH Obl Mbl 3HAJH
BCe 3aKOHLI WJIH OJUH BCceOOBEMJIIOLIIUH 3aKOH NPUPOABI, TO CBOKH-
CTBa WMHBAPHAHTHOCTH STHX 3aKOHOB He JAaBaju Obi HAM HHYEro
Hosoro. Co3epLaHue CHMMeTpHH MOrJ0 Obl JOCTABUTb HAM YAOBOJb-
cTBHE U M03a0aBHTL jJaxe B TOM CJydae, ecid Obl OHH H He comep-
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xkaau HoBoll uHpopmauun. Ho ecanm Obl KTO-HUOYAb NPeLJIOXKHI
KakKo#-TO Apyro#l 3aKOH NPHPOAbI, TO OMNPOBEpPTaTb €ro Mbl MOTJIH
6bl GoJsee 3¢h(dekTUBHO, ecjiu Obl OH NPOTHBOPEYHJ HalleMy MpPHH-
UMy UHBADHAHTHOCTH (pasyMeercs, B NpealOJOKEHHH, YTO Mbl yBe-
peHbl B NPABUJABHOCTH 3TOr0 NPHHLHIA HHBAPHAHTHOCTH).

[IpoBeneHHblil TOJIBKO YTO HaMH aHA/U3 OTHOIIEHHH 3aKOHOB
NPUPOABl K ABJIEHHAM W CHMMETPHHW, HJIM NPHHLHIOB HHBapHaHT-
HOCTH, K 3aKOHAM [PHUPOABI HOCHT, OUEBUAHO, KpaiHe ¢parmeHrap-
uplit xapaxrep. M Tofi u apyroit TeMe MOXHO Obl1o Obl NOCBSTUTh
MHOTHE H MHorue crpaHuubl. HacKoJbKO MOYKHO CyAHThb, HOBBHIE
acHeKThbl, KOTopble ObliK OBl 3aTPOHYTLl HA 3THX CTpaHUIAX, HE Ha-
pyWwHan Gbl aHAJOTHIO MEXAY YKa3aHHLIMH JBYMsl OTHOLICHHSIMH,
T. €. aHAJOTHI0 MEXKAY OTHOIUEHHEM 3aKOHOB MPKPOABI K SIBJEHUAM
¥ OTHOIUIeHHeM [PHHLUUIIOB WHBAPHAHTHOCTH K 34KOHAM HPHPOIHL
Hao60opoT, Mbl OTKpbIWIH Obl HOBble, GoJiee ray0OKHe CTOPOHBI 3TOH
aHaJOrUH H MOATBePANAH Obl, 4TO (PVHKIHA, KOTOPYIO HECYT HpPHH-
MBI CHMMETPHH, COCTOHT B HajeJeHUH CTPYKTYPOH 3aKOHOB MpH-
PORbl WM YCTAHOB/JACHHH MEXKAY HHMH BHYTPEeHHel CBf3H, TaK Ke
Kak 3aKOHBI MPHPOJB! YCTAHABAMBAIOT CTPYKTYPY HJM B3aHMOCBA3b
B MHpe ABJACHHH.

IF'EOMETPUYECKHME M JMHAMHWUECKHUE [NPMHLINWIIBI
HHBAPUAHTHOCTHU

B ueM 3akaouaercs pasgHuHe MEXLY CTapbIMH, HAaAeXKHO ycTa-
HOBJIEHHBIMH T'€OMETPHUYCCKHMH W HOBBIMH (IMHAMHUECKHMH) HPHH-
UHMIaMH HHBapHasHTHOCTH? [eomeTpuueckue NPHHUHNLI WHBAPUAHT-
HOCTH, XOTSl OHH M HAAeJSIOT CTPYKTYPOH 3aKOHLI NPHPOLBI, HOpMY-
JAUPYIOTCSl B TePMHHAX CaMHX fABJeHMH. Tak, Haigexainas dopmy-
JUPOBKA MHBAPHAHTHOCTH OTHOCHTEJIBHO CABHTOB BO BPEMEHH rJa-
CHT: KOPPEJSLHN MEXKAY COOLITHAMH 3aBHCAT TOJLKO OT NMPOMEXKYT-
KOB BpeMEHH, pase/slolnx coGbITHS, HO He OT MOMEHTd BPeMeHH,
Korjga npoucxonuT nepsoe cobeitue. Ecau Py, Py, P; — noaoxenus,
KOTOpBIE 3aHHMaeT B MOMEHTHl BpPeMeHH [, £y, I3 yXKe ynmoMHHAB-
wasica HaMH MJaHeTa, TO OHA TOUHO TaK ’Ke MOXeT 3aHHMAaTh UX
B MOMEHTBl BpeMeHH [; + [, fo+ I, {3 + ¢, Tle NPOMeXKyTOK Bpe-
MeHn ¢ coBepiuieHHo npousposeH. Hosble ke, Annamuuyeckue, npuH-
UUITbl HEBAPHAHTHOCTH (DOPMY.JIMPYIOTCA B TePMHHAX 3aKOHOB MpH-
poast. OHH cKOpee OTHOCATCHA K TeM HJAHM HHbIM THIAM B3aUMOJeH-
CTBHSI, 4eM K KaKo# Obl TO HH OblIO KOPpPeasiling Mexay COOLITHAMH.
Hanpumep, roopsa o Tom crneun(nuyeckoM 3akoHe NPHPOIb!, KOTO-
pLIfl ynpaeJsieT reHepaLHel 3JeKTPOMAarHWTHOrO MOJS ABHIKYILHMH-
Cs 3JeKTPHYECKHMH 3apajamu H OOPATHBIM BJHAHHEM 3JEKTpoMar-
HHTHOTO NOJIS Ha ABHIKEHHE 3apPAL0B, MOXKHO CKa3aTh, YTO 3JEKTPO-
MariuTHOE B3auMojeicTBue o0safaeT KanauOpOBOUHONH HHBapHaHT-

HOCTBIO,
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Hrak, nuHamMuyeckue HPHHLIHOB HHBAPDHAHTHOCTH OCHOBaHbl Ha
CYLUIeCTBOBAHHH ONpelesieHHbIX THIOB B3auMoneHCTBHA. Bce Mbr
UHTAJNH, UYTO KOraa-TO [aBHBIM-IaBHO (U3MKM HAJEAJHCh CBeCTH
BCE B3aHMO/IefiCTBHA K MeXaHHUecKHM. HekoTopble U3 Hac elle NoM-
HST, YTO B HayaJie Hallero BeKa 3JdeKTPOMAarHUTHble B3anMoJeHCT-
BHS CUMTAJHCh HCTOUHHKOM BCEX JPYFHX BHACB B3aUMOAEHCTBHI.
Bcrap Ha Takyio TOYKY 3DEHMS, HAM MPHUIJIOCH Gbi HCKATh 00BACHE-
HHe I'PABUTALHOHHOMY B3aMMOAEHCTBHIO, H HAIlH NOHCKY YBeHYa-
Jguch Op ycnexoM. B HacToslilee BpeMs Mbl pa3JHyaeM 4YeTbipe HJH
NIThb THINOB B3aMMOAeHCTBUH: IpaBHTALHOHHOE, 3JEKTPOMAIHUTHOE,
OJMH HJM JBA THIA CHJABHBLIX (T. €. AJEpPHbIX) B3AHMOACHCTBUH H
craboe B3auMoJeficTBHe, o0ycaoBauBaWllee f-pacnai, pacnaj p-
Me30Ha H HEKOTOpble aHaJOTHUHble fABJeHHs. Takum oOpas3oM, Mbl
OCTAaBMJIH, IO KpaliHell Mepe BPCMEHHO, HaJeXK Ay Ha CYLIECTBOBAHHUE
eINHOro (PYHIAMEHTaJbHOrO B3aUMOAeHCTBHA. Dojiee TOro, KaxKabi
THIO B3aMMOJeHCTBHA 00,a4aeT HEKOTOPOH TpynNod AMHaMHUecKoH
CUMMETPHH, aHaJOTHUHOH TpYIIe Kaau6poBOUHLIX NpeodpasoBaHui
I 3JEKTPOMATHUTHBIX B3aUMOAECUCTBHI.

31ech Mbl MOAXOKHUM K rpanuie u3pectaoro. He caenyer 3aGwl-
BaTh, UTO ¥ cama npobjiema B3AUMOAECHCTBUA 10 CHX TNOP Npencras-
Jaset co0ofl 3aralky. ¥TusiMa CBOUMH paboTamy CIOCOOCTBOBAJ MMO-
SIBJCHHI0 IJIOAOTBOPHOro Hanpassedus [9, 10] o pemenun 3zapaun
0 BOCCTAHOBJNEHHH THIIA B3aHMOJEHCTBHsI 1o ero rpymnme. OXHAKO
y Hac HeT crnoco0a, KOTopbiii Obl O3BOJIHJ 3apaHee NPeACKasblBaTh
TPyIIly, © Mbl He MOXKEM CKa3aTb, CKOJbKO BCErO HMeeTCss PPyl
U, cJeloBaTeJbHO, Pa3JHUHBIX B3auMopeicteuil. ['pynnbl nunamu-
4eCKOH CUMMETDPHH, NMO-BUAHMOMY, HHUKAaK He CBSI3aHbl MEXKAY CO-
6011, He CyLIecTBYeT COOTBETCTBHA HH MEXAY Da3JIUUHBLIMH Tpylna-
MU, XapaKTepU3yIOLUNMHU Pa3Hble B3aHMOJEHCTBHUSI, HU MeXJy 3THUMH
rpyniaMd # rpynnod reoMeTPHUecKOH CHMMeETPHH — €JHHCTBEHHOH
TOYHO YCTAHOBJICHHOH TPYyMIOH, C KOTOPOH MB!I 3HAKOMHl B TeueHHE
MHOIHX U MHOTHX JIeT.

TEOMETPUUYECKHE TIPMHLIMIIBI MHBAPMAHTHOCTHU
U 3AKOHBbI COXPAHEHHS

[Tocko/sbKy MMeeT CMBICA OCTaBaTbCs KaK MOXHO AOJEBIIE Ha
terra cognita, pacCMOTPUM cHauajsa reoMeTpPHUCCKHE MPHUHIUIIBI HH-
BapuHaHTHOCTH. [1epBBiM, KTO 06paTH/ HAa HHX BHUMaHHe, Ob1 [lyan-
Kape, H 1 XOuy Ha3BaTb IPYNNY COOTBETCTBYIOILHX NpeobpaszoBanuil
rpynuoit [Tyanxape [11, 12]. Mcrunubifi cMblca M 3HauYeHHe 3THX
NPUHUMIOB HHBADHAHTHOCTH CTasa fCeH JIMWIb [10C]e HOSIBJAEHHSA
creluajJbHON TeOpHH OTHOCHTeJAbHOCTH DiHmTelina. [pynna Ilyan-
Kape COJepXKHT CABMIM B NPOCTPAHCTBE H BPeMeHH. DTO O3HAYAeT,
UTO KOPPeNsiiMA MEeXJAY COOBbITHSAMH BCerja M BCIOAY OJHHAKOBBI H
4YTO 33KOHbBI NPHUPOAbI — KOHLUEHTPUPOBAHHOE BHIAXKEHHEe Koppe.s-
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{l — He 3aBHCAT OT TOrO, KOrAa U T/Jle OHU YCTaHOBJeHBl. B mnpo-
THBHOM cJiydae ueJioBeuecKHi pasyMm BooOule He Mor Obl HaXOAUTb
3aKOHbI MPHUPCABL. '

CseayeT MNOAYEPKHYTb, 9TO 3aKOHbl CHMMETPUH TNpPUMEHHMbI
AMEHHO K 3aKOHAM MPHPOABI, T. €. K KOppeaslusiM MexAy cobbi-
THAMH, a He K caMuM cobblTusiM. Pasymeercsl, npu Oepexoge OT
TOUKH K TOUKe COOBITHS MOTYT MEHSITbCH, HO ecjaH KTo-HHuGYAb 3a-
METHT [0JI0XKeHHe OPOIICHHOr0 KaMHA B TPH Pa3jHuYHLIX MOMEHTA
BpeMeHH H YCTAHOBUT COOTHOLIEHHe MexJly 3THMH TpeMs MOJOKe-
HUSIMHM, TO OHO OKaKeTcs OZUHAKOBBIM AJf BCEX TOueK 3eMJIH.

[ToMumO cABHroB B NPOCTPAHCTBe H BpeMeHH rpynna IlyaHkape
CONEpIKUT ellle OLHY PA3HOBHAHOCTb CHUMMETPHM, KOTOpas HE CTOJb
OueBMIIHA, KaK TMcpBas: OHa IMOCTYJIHPYeT 3KBHBAJEHTHOCTb Beex
HanpaBJ/eHHii. JTOT NPUHLUKN Obld OCO3HAH JHIOb NOCAE TOro, Kax
JIOAY TIOHSIH, YTO pasjHuue MeX/Ay NOHATHAMHU «BBepX» U «BHHU3»
ofycaoBaedo 3eMEBIM npHTsxenneM. Mnpaue rosopsi, Bonpeku
TOJABKO UYTO CKa3aHHOMY, COGBITHSAMH, MEXAY KOTOPHIMK 3aKOHbI
OPUPOAL YCTAHABJUBAIOT KOPPEISILHUIO, ABJAIOTCA He TPH HOJONKE-
HYsI GPOLIEHHOro KaMHsl, a TPH MOJOMKEHHS KaMHsi OTHOCHTEJLHO
3emJH.

[Tocneansas cuMMeTpHA — HE3aBHCHUMOCTL 3aKOHOB NpPHPOABI OT
COCTOSIHUSA ABHZKEHHS, KOJIb CKOPO OHO NPOJAOJKAET OCTABATLCS PaB-
HOMEpHBIM, — BOBCE He OUeBHAHA [/5 HENOArOTOB/IEHHOro yma'l).
OaunM H3 ee caeACTBHE fABAAETCSl TO 0OCTOATENbCTBO, YTO 3aKOHBI
IPUPOABLl ONpeAelsIOT He CKOPOCTb, a YCKOpeHHe TeJa: CKOPOCThb
pasjHyHa B KOOPAMHATHBIX CHCTeMax, ABHMKYIHXCA C PAa3JHUYHBIMH
CKOPOCTSIMH, YCKOpDCHHME Ke OJHHAKOBO, KOJb CKOPO KOOpJAHHAT-
Hble CHCTEMbl ABHXKYTCA OTHOCHTEJIbHO APYr ApPyra paBHOMEpHO H
npsimosinHeitHo. [lo3ToMy DpPUHUMI 3KBUBAJNEHTHOCTH KOOPAHHAT-
HBIX CHCTeM, ABMIKYILUXCH OTHOCHTeNbHO IDYF Apyra paBHOMEpHO
M NpsAMOJHHEHHO (M UX 3KBHUBAJEHTHOCTb MOKOALIEHCS KOOPAHHAT-
HOH cHcTeMe), He MOr ObITb YCTAHOBJEH OO TOr0, KaK Obll MOHAT
BTOpoil 3akon Heiotona. [locie OTKpLITHA BTOPOro 3aKOHA 3TOT
npuHOHN OblI cpasy e oco3Had camum Heroronosm. [IpaBna, omHo
BpeMs JoBepHe (DM3UKOB K MPHHIHUIY He3aBHCHMOCTH 3aKOHOB NpU-
poOBl OT COCTOSIHMA pPABHOMEDHOrO H MPAMOJHHEHHOr0 ABHKEHHA
6bl10 NOJAOPBAHO CYLLECTBOBAHHEM HEKOTOPHIX 3JEKTPOMAaTHHUTHHIX
siBJIeHHH, HO 3aTeM JHHWTEHH BO3POAU/A NPHHUHI B HECKOJALKO H3-
MeHEHHOH pelaKLUHH.

1) Tak, dusanka ApHcToTens MCXOAHT M3 mOCTyaaTa O TOM, 4TO ABHMKeHHe He
npeMeHHO Tpe6yeT MOCTOsHHOro AeficTBUA o0ycroBAUBaOleH ero nphuxenl, Caeaos
BaTeJqbHO, BCE TeJa, ecid Obl OHM He OBIIH NOABEPXKEHH NeHCTBHI0 MPHYHHLI, CO-
o6uyBlleli HM CKOpPOCTb, MPHULIH Gbl B COCTOSIHHE aGCOMIOTHOrO mokod (CM., Has
npumep, [13]). Jdas cHcTeM KOOpAMHAT, ABHKYLIHXCA OTHOCHTENbHO APYr APYra,
5T0 yTBepikjeHHe HepepHo. CucTeMbi KOOpAHHAT, A KOTOPHIX OHO BEpHO, AOJHK-
Hbl 06J1a7aTh HEKOTOPHM BEIE/ICHHBIM COCTOAIHHEM [ABHKEHHS,
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Mbl yXe TOBOPHAH O TOM, UYTO 34KOHbl COXPAaHEHHS IJHEPruy,
UMNYJbCa M YrJOBOrO0 MOMEHTA SABJSIOTCH OPSIMBIMH CJAEACTBHAMH
TOJBKO 4TO Ha3BaHHBIX cuMMerpHi. OcoGeHHO Har/sAHO CBA3L 3a-
KOHOB COXpPaHeHHUSl ¢ CHMMeTpHed NpOABJAAETCS B KBAHTOBOH MeXxa-
HHKe, T'/le BCe 3TH 3aKOHBl COXPAaHEeHHs] HEMOCPEJACTBEHHO CJAEAYIOT
H3 KHHeMAaTHKH M 0OpH HX BbIBOJE He NPHXOAHTCS obpaliaTbes
K AHHAMMYECKHM 3akoHAM (HanpHMeD, COBepIeHHO He HCNoJb-
syercsi ypasueune Ulpeaunrepa). Idro yrsepkiaeHue Oyjler Haml
BCKOpe JA0Ka3aHo. B KJaacCcHUeCKOH TeOpHM CHTyalMsi HaMHOTO
c/10XHee. 37ech OCHOBON [a:ke NpocTefillero ACKasaTeJbCTBa 3aKO-
HOB COXpaHeHHs CJAY2HUT 3aMeuaHde O TOM, UTO KJaccHuecKas Teo-
pus sBJsieTcs OpeldedibHBIM cjyuaeM KBaHTOBOH Teopuu. Orcioga
Jenaercsi BHIBOJ, uTo JAi060oe ypaBHEHMe, CNpaBedJHBOE B KBAHTO-
BOH TeopHM NpH INPOM3BOJbLHOM 3HauYeHHUH nNocTosHHOH [lnanka A,
crnpaBeauBo U B npedete nopu h = 0. Caeapl 3TOrO paccyxacHus
MOJKHO OOHapyXHTb H B OOLIUX COOOPAXKEHUAX OTHOCHTEJbHO CBA3H
MeKAy 3aKOHAMH COXpaHeHHs] H NPOCTPAHCTBEHHO-BPeMEHHON CHM-
MeTpHeH B KJaacCUYecKOH TeOpHH. 3aKOHBlI COXPAHEHHUS MOKHO BHI-
BECTH TAKKe H 3JeMeHTaPHBIMU CPeNCTBAMH, HCIOJb3Ys AMHAMHUYE-
CKOe ypaBHeHue, T. €. BTOpol 3akoH HbiotTona, u mnpearosoxenne
O TOM, UTO CHJBl ONpeLesasioTcs MNOTEHLUHAJOM, 3aBUCSIIUM TOJbKO
OT paccTosHuil MexAy uyactuiaMu. [JockoabKy nouATHe norexuuasna
He BHOJHe ecTeCTBEHHO, TAaKOHW BbIBOJ 3aKOHOB COXPAaHEHHs He CO-
BceM oGbtueH. Max [14], Hanpumep, cuHTan, 4yro CHJa, AEHCTBYIO-
mas Ha Jo0ylo 4acTHUy, paBHa CyMMe CHJ, Ka:KIasfd H3 KOTOPBIX
o6yc/aoBaeHa AeficTBUeM KakoH-To Apyroil uactuubl. Takoe yTBep-
JKJIeHHe B HesSIBHOM BMZE CONEpXKHTCS B TpeTbeM 3akoHe HpioToHa,
H60 B MPOTHUBHOM CJayuae MOHATHE NPOTHBOAEHCTBHS He HMesao Oul
cmbicia. Kpome Ttoro, Max cuutas, 4TO cHIa 3aBHCHT TOJbKO OT
[10J10KeHUH nap B3aMMOJeHCTBYIOLIMX UYACTHL, HO He OT UX CKOpO-
creit '). Ilpu TOJMBKO uTO CAGIAHHBIX NIPEANONOKEHHAX 3aKOH coxXpa-
HEHNs MMNyJbca cpasy ke cjedyeT H3 TpeTbero sakoHa HbioToHa,
H, HaobGopor, TpeTuli 3akoH HelooToHa BpicTynaer B poJu HeoGxo-
LUMOrO YCJOBHS COXpaHEHHs HMNyabca. Bece 3T0 OTueTnMBO npen-
craBasi eine HploToH, 3Hauenue H30TPONHOCTH MPOCTPAHCTBA AJ4
3aKOHA COXPAaHEHHs YIJIOBOTO MOMEHTa, KOTOpHii DHaep, BepuyJan
u Jlapcu orkpetn mouTH 60 Jer CNyCTs Nocde BbIXOAa HbIOTOHOB-
ckux «Hauanm», ouesngno. Ecau Obl Hanpas/jeHHe CHJBL, AeHCTBYIO-
et MeXAy napod uacTHl, He COBNAAajo ¢ NpsMof, coeguHsamonel
OJIHYy uacTHuy ¢ APYroi, T0 oio He OblIo Obl HHBAPHAHTHLIM OTHO-
CHUTeJbHO BpallleBuil BOKpyr 3sTofl npamoi. Orcioaa caenyer, uTo
npy CHeJAHHBIX JAOMYLIeHHAX BO3MOXKHbBI TOJbKO LEHTpaJbHbiE
cuibl. IlockoabKy BpaulatejbHbld MOMEHT TaKHX CHJ, €CAH OHH
paBHbl MO BeJHUYHHE W [POTHBOIOJOXKHBI [0 HaNpPaBJEeHHIO, PaBeH

1) Tlo sTOMYy [OBOAY cM. paGornl [6—8].
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HYJO, MBI TOJy4aeM 3aKOH COXpaHeHHs YIJOBOro MoMeHTa. Ecut
6bl CHJIbl 3aBHUCEJH OT NOJIOXKEHHA Tpex WAM OGOJbHIero umcja 4a-
CTHU, 3TOT 32KOH HE HMeJ Obl MecTa.

B kBaHTOBOI MexaHHKe, KaK y)Ke OBOPHJIOCH, 3aKOHBI COXpaHe-
HHSA CJELYIOT M3 OCHOBHLIX KHHEMAaTHUECKHX MOHATHI. DTO cBS3aHO
c TeM, YTO B KBAaHTOBOH MeXaHHKE COCTOSIHHSIM OTBEYAKT BEKTOPH
B HEKOTOPOM abCTPaKTHOM TPOCTPaHCTBe, a (PHIHYCCKHM BedHUH-
HaM, TaKHM, KaK KOOpJMHATa, UMIYJAbLC U T. A., — ONepartopbl, aei-
CTBYIOLIHE HAa 3TH BeKTOpul. Hanpumep, U3 HHBAPHAHTHOCTH OTHO-
CUTENbHO spalleHUN
cA€JyeT, 4YTo AJAA 1po-
HU3BOJILHO 3a/aHHOTO
COCTOSIHUSE ¢ CYILecT-
BYET Jpyroe CcOCTOSHHE _—

g, KOTOpPOE BBLIMIALUT

TOYHO TaK XK€, KaK ¢ B Hy z He 2o @, il ZaHryp
cucreme KOOpJAUHAT,

noJsyuatpouencs H3 uc-
XOJAII0 B  pesyJabTaTte
noBOpOTa Ha YyroJ o Bo-
Kpyr ocu Z. O603HaUNM
yepes Z, omepartop, me-
PEBOASILUI @ B . Co-
CTOsIHWE, B KOTOpOE Ile-
pPeXoJHUT ¢ MO HCTeye-
HUM TpOMeXYTKa Bpe-
mMenu 1, 0003HauUM [ @ (cxeMaTHUYeCKH Bce OHEpALUH TPEACTaB-
JeHol Ha ¢ur. 1). B cuny HHBApHAHTHOCTH OTHOCHTEJbHO Bpalle-
HUEI ¢, TIO MCTEYEHHH TOTO XKe IPOMEKYTKa BPEMEHW Nepeijer B
cocrosinne Hy@,, KOTOpOe BO BTOPON (NOBEPHYTOH) cucTeMe KOOP-
JUHAT BHIMISAHT Tak ke, Kak M. B ucxoanoil. CiiefoBaTe/1bHO, 3TO
COCTOsIHUME MOIKHO IIOJYYHTb H3 cOocTosidus ¢, momeficTBoBaB Ha
nocsaennee oneparopom Z,. Mrax,

z z

zZ r4

z ¥ z Zey
dur. L

H‘cZaq) = ZaH-z(P’ (1)
a MOCKOJIbKY 3TO COOTHOUIEHHEe OAOJXKHO BBbIIIOJHATHCA pu BCex @,
TO

HZ,=Z,H,. )

Takum obpasowm, oneparop Z, KoMMytHpyer ¢ H., a 3T0 M 03Ha-
yaer, uro Z, coxpaHsiercd. JlefiCTBHTeJbHO, YIJIOBOH MOMEHT OT-
HOCHTEJIbHO OCH Z COBmajaeT ¢  NpeleloM  BhipameHHs
(1) (Z,— 1), xorpa yrom o CTpeMHTCS K HYJ0. AHAJOTHYHO
MOKHO BbIBECTH M ApyrHe 3akoHbl coxpaHenusa. Cienyer moguepk-
HYTb, UTO OREPaTopbl 11peobpasdosanus, no KpatiHer mepe uH@uuu-
Te3uMaAbHbIe, uepaloT O60AKYO POAL U CAMU ABASIOTCA COXPAHALO-
WUMUCA BEAUHUHAML,
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Ha stom Mbl 3aKOHUHM paccMOTpeHHe reOMETPHUYECKHX IIPHH-
IIHIIOB MHBapHAHTHOCTH. Bhl yxe o6parunn BHMMaHHe Ha TO, 4YTO
A HHYero He cKkasad HH 06 OTpaKeHHAX (HHBEpPCHAX), KOTOpbIE MO-
MHMO BCEro npovero NpUBOAAT K NOHATHIO YETHOCTH, HH O 3aB€JOMO
6osee oOLIeM FeOMETpPHUECKOM MOpPHHIHMIE HHBAapHAHTHOCTH, MOJO-
JKEHHOM B OCHOBY OOIeH TeOpHU OTHOCHTeJNbHOCTH. [lpuumHa, mno
KOTODOH f1 He YNIOMAHYJ 06 MHBEDPCHH, COCTOMT B TOM, UTO MHe ellle
npHaeTcd paccMaTpHBaTh ee B KOHuUe paborel. Ilpuumna, no xoro-
poli 1 HUuero He cKazaJ 06 HHBAPHAHTHOCTH OTHOCHTEJNbLHO MPO-
H3BOJIbHBIX NpeoOpa3oBaHHi KOOPAMHAT, BBEAEHHLIX oOlleli Teo-
pHell OTHOCHTENLHOCTH, 3aKJAIOUacTcsl B TOM, 4YTO, MO MOeMy MHe-
HHIO, JlexKalllasd B ee OCHOBE HMHBAaPHAHTHOCTb HOCHT He TeOMeTpH-
yeckuil, a AMHaMHuecku#i xapakrtep. Mrak, mpucrynum x paccmo-
TPEeHHI0 JHHAMHUECKHX IIPHHLHNOB HHBAPHAHTHOCTH.

JUHAMUYECKHE TMPHHUNITBI MHBAPHMAHTHOCTU

Hayuas punamMuyeckue npHHIHNL HHBAapHAHTHOCTH, MBI B OCHOB-
HOM HaXOAUMCH Ha ferra incognita. TeM He MeHee, MOCKOJIbKY He-
KOTOpble H3 MONBLITOK PasBUTh AMHAMHYECKHE NPUHLHUILI He JUIIEHDI
OCTPOYMHST H AOCTAaTOYHO VCIeElIHBl, a TeMa 3Ta celyac npeacTas-
Jaser BceoOWHA HHTepec, s xOTed Obl cleaThb KOe-KakKue sameua-
HHa. Haunem ¢ BauOoJee MOHSATHOTO chaydast 3JeKTPOMAarHHTHBIX
B3aUMOAeHCTBUA.

UTo6k OnHCaTh B3aUMOMEHCTBUE 3APSA0B C JIEKTPOMATHHTHBIM
MoJeM, cHauyaJa BBOJASIT HECKOJBKO BEJUUYHH JJsI OMHCAHHS 3JeK-
TPOMArHUTHOTO NOJS — TaK HasblBaeMble 3JeKTPOMArHHTHBIE IIO-
TeHlHaabl. 3Haa HX, Mbl MOXKeM Jerko BhIUHC/ASATb KOMIIOHEHTH
3JEKTPOMATHUTHOTO 10J1s, HO o6paTHoe HeBepHO. Bosee Toro, no-
TeHU¥aJbl ONMpeAeNdIOTCs MoJeM HEOJHO3HAUHO: pasjHuHble MOTEeH-
uaae (oTaHvalollyecst Ha IpajgHeHT NMPOM3BOMBHON (DYHKUHH) noO-
pPOXKAAIOT OAHO U To Ke moJse. OTcloga clefyer, UTO MOTEHLHAJILI
HEeJIb3S HM3MepHTb, M, AeHCTBUTENbHO, H3MEPUMBIMH OKAa3bIBAIOTCS
JUIb BeJHYMHL,, HHBAPUAHTHBlE OTHOCHTEABLHO IpeoGpasoBanui,
((pOM3BOJIBHO 3aBHCALIMX OT INOTeHNHasaa. PasyMmeercsa, Takas HH-
BAPUAHTHOCTb HOCHT HCKYCCTBEeHHBIEl Xapakrtep. Heuro anasmoruu-
HOEe MOXHO OblI0 OB IIOJNYUHTb, BBEJS B HALIM ypaBHEHHS KOOPIH-
HaThl KaKOro-HuOYIb «Jyxa»: ypaBHEHHS AOJIKHbl Oblin Obl ObiTh
MHBAPHAHTHBIMU OTHOCUTEJbHO H3MEHEHHH KOOpPLHHAT «JAyXa®, HO
B JeHCTBUTECJBHOCTH HHKAKOH MOJbL3bl OT BBeJeHHs] TaKol BeJu-
YHUHbl MBI OBl He TIOJY4YHJIH.

Anajoruynasi CUTyalHsl BO3HHKAeT W IIPH 3aMeHe IOJieH [IOTeH-
HHAJaMH, €cJi TpH 3TOM BCe JOMMKHO OCTAThbCH HenaMeHHbIM. [lo-
3TOMY OOBIYHO IIOCTYIAIOT HHAue: MOCTYJAHPYIOT (M B 3TOM COCTOHUT
pelialomuil Iar), uTo A MOAJLepIKAaHHUS HEH3MeHHOCTH (u3nue-
CKOll KapTHHBI KaxJoe npeobpa3oBaHue, MepeBOAsILee OAMH HaGop
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MOTEHIHANOB B APYrofl, MOPOXKAAIOUHH TO e caMoe 3JeKTpoMmar-
HHUTHOE [10Jie, NOJIKHO CONPOBOXKAATHCS HEKOTOpPHIM MpeofpasoBa-
nueM nons Martepuu. KomOGuuanus 3THX IBYyX mpeoGpas3oBaHH#, H3
KOTOPLIX OJHO JeHCTBYeT Ha 3/JeKTPOMAarHHTHble IOTCHLHAJbI,
a ApPYroe -— Ha noJe MaTepHH, HA3biBaeTcs KaJHGPOBOUHBLIM MpPeol-
pasoBanueM. [JockonbKy KanuOpoBounoe npeobGpasoBaHHe OCTaB-
JseT (GU3HYECKYIO CHTYaUHIO HEH3MeHHOH, BCSIKOe YpaBHERHE HOJ-
®HO ObiThb HHBAPHAHTHBIM OTHOCHTeNbHO Hero. OAHaKo ecau Obl
BHJL ypaBHEeHHH ABHIKeHHA OCTaBaJCsi HeH3MeHHBIM, Mbl IDHILIN Obl
k npotusBopeunto. OcraBasicb MHBApHaHTHBLIMH, OHH 006Jajajtu Obl
aGcypAHBIM CBOHCTBOM: fiBe abCOMIOTHO 3KBHBAJEHTHblE B OJUH MO-
MEHT BpeMeHH (H3HUecKHe CHTYyaUWH HeKOTOpOe BpeMs CIycTs mpe-
Bpalllajiuch Obl B [Be CYIIECTBEHHO paannuHble curyauud. Caeno-
BaTeNbHO, YpaBHeHHs JABUXKeHHS HeoOXOAHMO KaKHM-TO o0pasoMm
u3MenuThb. [Ipoilile Bcero 3To caenarth ¢ NOMOM(bIO MATeMaTHYECKOrO
npreMa, HasbiBaeMOro MoAndukauueid JgarpanykHana. [Ipocrefimas
MOAuGHKAaLHSA, coXpaHdAlollasi HHBApPHAHTHOCTb, NPUBOANT K oOfIe-
NPUHATEIM ypPaBHEHHSM 3/JeKTPOJHHAMHUKH, HAXOASILIMMCH B XOpO-
meM COMIACHHM €O BCeMH HMEIOLIUMHUCS B HalleM paclopsxkKeHHH
DaHHBIMH OIBITA.

He ocranaBauBasices Ha NOAPOGHOCTSX, 3aMeuy BCe Ke, YTO aHa-
JOTHYHAR NPOUeAYypa ARONYCTHMA H MO OTHOUIEHHIO K PaBUTALKOH-
HOMY B3auMofelicrBuio. Ha Bo3MOKHOCTH Takoro nogxojna o6paTHi
BHuManue emte YTHaMma [9]. JlonoasuTe/NbHOe YCAOXKHEHHE, BO3HHU-
Kalolllee B 3TOM cJiyyae, COCTOUT BO BBeJE€HHH BMECTO [OTEHIHAJIOB
oGo0menHbx KoopanHart. [lonyualomuecss ypaBHeHHS A0JXKHBI OBITH
WHBADHAHTHBIMKM OTHOCHTEJNBHO BCeX Mpeo6pa3oBaHHH KOODJHHAT
ofliell TeOPHH OTHOCHTEJAbHOCTH. B pesysnbrarte ¢u3nueckoe comep-
¥KaHHe TEOPHH OCTAeTCH HEH3MEHHBIM, HO SI3blK €€ CTaHOBHTCH 60-
jee THOKHM, M OJHA H Ta XKe CHTyaUHusl NOJydaeT HECKOJbKO 3KBH-
BasenTHblx onucanufi. OfHAKO 3aTeM NPHUXOAUTCS BBOAHTH MOCTY-
JaT 0 TOM, 4TO [0l MaTepuu npeobpasyercs Tak ke, KaK METpH-
yeCKOe I0Jie, BCJAEICTBHE Uero JJs COXpaHeHUs] HHBAPHAHTHOCTH
ypaBHeHHI mocjefBHe HeoOXoAMMO MoAupHuHpoBaTb. [Ipocreiimas
UM OHA U3 NPOCTeHIIHX MOAHGUKAUHA NPUBOLHT K YpPABHEHUSIM
dfinwreina.

IlpuBesennas Brillle HHTEPNpPeTAaUHSA HHBAPHAHTHOCTH o6Ieil
TEOPHM OTHOCHTENBHOCTH XapaKTepH3yeT ee He KaK TeOMeTpHdye-
CKYI0 MHBADHAHTHOCTb. [[HHaMMUCCKHH XapaKTep HHBAapHAHTHOCTH
obuieli TCOPHM OTHOCHTENBHOCTH MMOAUEPKHBAJ COBETCKHH (U3HK
®oxk [15]!). Heckonbko ynpolias cyIlecTBO feja, MOXKHO CKAa3aTh,
YTO TreOMEeTpPHUUecKas HHTEepHpeTauus DOCTYJIHPYeT HeOOGXOAUMOCTh
fipeBpalleHusl ¢ TeueHHeM BpPEMeHH JABYX (H3HYeCKH pas/JHUYHBIX
cuTyauu#i (TMna u3o0pa)keHHBIX Ha Qur. 1) JHIUL B TaKHE CHTYALHH,

1} CmM. rakxke [16}.



30 1. Cummerpus u Opyeue uaudeckue npobaemet

KOTOphle OTIHuYaloTCsl APYr OT APYra Tak Ke, Kak OTIHYAIUCh
MexAYy co6ofi ucxoAHble CHUTyallHH. B ciayuae rpaBHTAllHOHHOTO
B3aMMOAeCTBHA AeN0 OGCTOMT UHAUE: NMOCTYAUPYeTcA MAuulb Heo6-
XOAUMOCTDL Ilepexoaa ¢ TeueHHeM BPEMEHH [BYX pAas3IHYHLIX OMHCa-
HHU OAHOWH W TOH :Ke CHTyauHu B JABa ONHCAHHA OAHOU M TOH XKe
dusnueckoll cuTyauuu. AHAJOTHA CO CaydaeM 3JeKTPOMAaTrHHUTHBIX
NOTEHLMAJJOB OYEeBH/HA.

K coxaqenuoo, paccMOTpeHHe APYFHX B3anMmonellcTBuii tpebyer
HHBIX coofpazxennfl, Jlake o caMOoM CaaboM H3 CHJIbHBIX B3aMMO-
y JeACTBUl M3BECTHO OUE€Hb
i +, +s Mani0. Kak cuibHOe, TakK H

cnafoe  B3aMMOJACHCTBHA

obJajaoT TpynnoiH, XKoTo-
Au past ropa3ao GenHee rpyll-

or t&” ®z° Tz’ bl KaJaubpOBOUYHBIX NPeod-
40 pasoBaHWil  MAM TPYMIb
30 MPOUBBOJbHLIX Tpeobpaso-

- —0 3 BaHuii KoopauHat!). Bwme-

- += =
0 cTo GeckoHeuHoro HabGopa
L . l ! . reHepaTopoB  Ha3BAHHBIX
) ,L(V’/g 1 Ty FPYNN AHHAMHYECKHE TPYI-
_ nbl  3THX B3auMOJAeHCTBHI
®dur. 2, o6MafaT AUl KOHEUHBIM

4HCAOM  reHepartopoB  (a
HMEHHO BoceMblo). TeM He MeHee H 3TOrQ OKa3blBaercs AOCTATOYHO
/s TOTO, 4TOOBl B 3HAUMTEJIbHOH CTENEHH ONPEeIeJUTh XapakTep-
Hble 0cOGeHHOCTH B3aWMOJelICTBHIl, a Takxe BBHIBECTH HEKOTOpHIE
Teopembl (AHAJOrHUHble YTBEPXKAEHHSM, JOKA3bIBAEMDIM B CIEKTPO-
CKONHMK), TO3BOJAILHE I[OAYYaTh NPHOAUXKEHHble COOTHOLIEHHA
MeX<Ly aMIIUTY1aMH BePOSTHOCTeH peakuuil B pasavUHbIX KaHajax
M MelKay BHeprusivu, Hau Maccamu. Ha ¢ur. 2 noxasan oxrer
Gapuonos. Ero uneHbl CBsidaHbl MexK1y coGOH mpocTedIiuM He-
TPHBHAJbHbIM TIpeACTaBaeHHEM (QYHAAMEHTaAbHO| TPYIIbl, 3KBH-
BaJeHTHbIM NPeACTABACHHIO, KOMIIEKCHO COMpPAKEHHOMY ¢ HUM.
Eile omno pasiuune MeX1y TPYNUAMH HHBADHAHTHOCTH 3JIEK-
TPOMATHUTHBEIX ¥ TDABUTALHOHHDIX B3aUMO/IC/ICTBUH, ¢ OJHOH cTO-
pOHBEI, W no Kpalineit Mepe TpPynNold HHBAPHAHTHOCTH CHJBHOTO
B3aHMOZeHCTBHA — C JIPYroi, 3aK/JKY4eTcsl B TOM, UTO ONepauHH
MepBbIX OCTAIOTCH ONEPAUHAMH CHMMETPHHU Jayke NpH yyere APYrHX
TUNOB B3aumojeicTBuil, Uro Ke Kacaercs CHMMETPHH CHJBHOIO
B3aUMOJeiCTBHSA, TO APYrHe B3aUMOJEHCTBHA «HApyLIAIOT» €e, T. €.
omepauyH FPYHNbl CHABHOTO B3aHMOAEHCTBUS OCTAIOTCA omnepanusMH
CHMMETPUH JIHIb TOTAA, KOTAa APYTHMH THNAMH B3aUMOAEHCTBHH

1) Tlo nososy CHJIbHOTO BSaHI\IOﬂeHCTBHﬂ cM. pabotw [17, 18], no noBoay caa-
Goro szanmofelicTsust — padorn [19—22].
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MO3KHO npeHe6peub. ['pylina cHMMETPHH OMOTaeT ONpeleHTb one-
paTop B3auMojeficTBHs BO Bcex cayuasix. OaHako, B TO BpeMs Kak
npu ACHCTBHH [PYIN 3JEKTPOMATHUTHOTO W IPABHTALHOHHOTO B3aH-
MOZeHcTBHH OCTAOTCs MHBAPDHAHTHBIMHM BCE B3aHUMOACHCTBHsHA, NPH
JefiCTBUH TPYNNLl CHALHOrO B3aMMOJEHCTBHSI OCTAeTCA HHBapHAHT-
HBIM OAHO JIHIL CHAbHOE B3aUMOAelicTBHe.

Panee Mbl BHEIH, 4TO ONEpPalMH TPYNNEl FeOMETPHUECKOH CHM-
METpPHH ONpeACAfIOT 3aKonbl coXpaHehHd. EcTecTBeHHO BO3HHKaeT
BONPOC: CNPABEAMNBO JI 3TO YTBEePIKAeHHe A5 ONepalluil, upuHai-
gexalllux rpynmas annamuaueckof cummerpun? llo-BuauMomy, u
B 3TOM OTHOUIGHHH pa3JHuHble TPYNNbi AHHAMHYCCKOH CHMMETPHH
BelyT ce0sl HEOLMHAKOBO. 3aKOH COXPAaHeHHH 3JEKTPUUeCKOTO 3a-
psifa OOBIUHO NPHHATO CYUMTATL CJACACTBHEM Ka/JHOPOBOUHOM HMHBA-
PUAHTHOCTH, T. €. MHBAPHAHTHOCTH OTHOCHTE/IbLHO TPYIIIbl 3JEKTPO-
MarHuTHBIX B3aumopdeficTeuil. C Apyroil CTOPOHBI, OTHOCHTEJbHO
3aKOHOB COXPaHeHHsd, KOTOpBle CjaegoBaso Obl MPHIHCATh AHHAMH-
yecKO# rpynne o6iiell TEOPUH OTHOCHTEALHOCTH, Mbl MOKEM CTPOHTb
JMLIb YHCTO yMO3pHTeabHble 3ak/roueHnd. OAHAKO eCTb OCHOBAHHA
HajesaTbCA Ha TO, UTO 3aKOHBl COXpPaHeHMA OAPHOHHOrO U JACNTOH-
HOTO 3apA/N0B YyAACTCA NOJYYHTH C MMOMOIUIBLIO AMHAMHUECKHX [PYIIN
cHAbHOrO W caaboro B3ammonelicTBui '), Ecau [JaHHas runoresa
BepHAa, TO 3TO O03HA4aeT JHUb, YTO MBI elle He 3HaeM HCTHHHLBIX
TPYNN CHJIbHBIX M ¢Aa0blXx B3auMoneHcTBuil. B moab3y mnociaeanero
YTBEPKAEHHA MOKHO NPHUBECTH JBa coobpaxeHus. Bo-mepsnx, 3a-
KOHBl cOXpaHeHHs1 6apHOHHOTO H JIENTOHHOrO 3apsifoB 2) A0 CHX mop
He YyIaJoCh BbIBECTH H3 CBOHCTB CHMMETPHH CHJABHBIX H CJa0biX
B3aUMOJENHCTBHI U MaJIOBepOsiTHO, YTO 5TO yAacTcs clenaarb B 6y-
ayuiem ®). Bo-BTOpBIX, CHMMETPHA CHJIBHOTO H CJaaGoro B3aHMOIEH-
CTBUH He fIBJIsSIeTCSl TOUHOH W Hapylllaercd NpU BKJIIOUEHHH APYTHX
B3auModeidcTeuii. Heacno, kakum 06pasom TouHble 3aKOHBI COXpa-
HeHHst MOTYT ¢€JeJ0BaTb U3 MNPUOJHIKEHHbIX CHMMeTpHi. Mexnay
TEeM Bce JaHHble TOBOPAT O TOM, 4TO 3aKOHbl COXpaHeHHA GapuoH-
HOTO R JIENTOHHOIO 3apsifoB BbIIONHAIOTCA TouHO *). Bcee 310 elle

1) Hpes o cBA3u 3aKoHa coxpaHeHHsi GapHOHHOTO 3apsAfa ¢ FPYNHOH CHIBHBIX
B3aHMOJeHCTBUI Oblia BBICKa3aHa aBTOpoM [23, 24]. 3akon coxpaHeHus GapHOH-
Horo 3apsifa Bnepsble nocryjuposan LlrtiokkennGepr [25].

2) Ilo noBoAy 3KCIepPHMEHTAJbHON MPOBEPKH 3THX M APYTUX 3aKOHOB COXpa-
Henus cM. pabory [26]. 3akoH coxpaneHus JIENTOHHOTO 3apsifa npeanoxuin Mapxc
[27], 3eabnosuu [28], a rtakxke Konomuucku#é m Maxmyg [29]; ero, mo-suguMoMy,
OKOHYaTeNbHO ycranoBuan JIu u Slur [30). B stoii cpasu mpeacraBisier MHTepec
npuHamiexamee ®Pepmy 3aMeuaHHe, KOTOpOe NPHBOASAT B CBOeH crarbe SIHr H
Tuomuo [31].

. %) K saxiouennio o TOM, 4TO BBIBECTH 3aKOH COXpaHEHHS GAaPHOHHOrO 3apsia
U3 CBOMHCTB CHMMETPHH CHJBHBIX B3aUMOAEHCTBHMH HeBO3MOXKHO, MPHXOAUT B CBOeH
upe3BblyaiiHo HHTepecHOH ctaThe Cakypaun [32]. OTHOCHTeNBPHO 3aKOHA COXpaHeHHUs
JICTITOHHOTO 3apsjga CM. cTaThio [33]

4) Cw. paborn [26—31].
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pa3 HanoOMHHAET O TOM, YTO HallW MpPEeACTaBJeHHs O AUHAMHYECKHX
NpHHUKMIAX MHBAPHAHTHOCTH OOOCHOBaHBI Jajieko He TaK TMOJHO
¥ IPOYHO, KaK Haula TeOpHsS TeOMeTPHYeCKHX IPHHLHIOB HHBApH-
aHTHOCTH.

B sakiicueHHe 3TOH cTaThH MHe XOUETCH BbicKasaTb OJHO 3aMe-
yaHHe O NPHHLHUIE, KOTOPHIH A, He KOJNe6AACh, Ha3biBAlO MPUHIIHIIOM
CUMMeTPUH H KOTODHIfl 3aHHMaer NPOMEXKYTOUHOE IMOJIOKeHHEe Me-
JKAY TeoMeTPDUYeCKMM M JHMBAMMUYeCKHMM TIpMHLHMRaMu. 51 umelo
8 BHAY TaK HAa3blBAeMYyi0 KPOCC-CUMMETPHIO, WJIM COOTHOLIEHHA
B Kpocc-KaHanxax !). PaccMoTpHM aMOMHTYLy BepOSITHOCTH KaKOro-
HUOYAb Tpollecca, Hanpumep

A+B4+ ... >X+YV+ ... (3)

Orta amMmiauTyna ecTb PYHKLHA HHBAPHAHTOB, KOTOpbie MOXKHO IO-
CTPOHTb H3 4-BEKTOPOB HMMIYJbCOB HaJeTAKUIUX H HCOYIeHHBIX
yactul. VM3 onHOro mpHHUMNA HHBAaPHAHTHOCTH OTHOCHTEJBHO OTpa-
JKeHUH, Ha O0OCYK/eHHH KOTOpOTo f He OyAy OCTaHaBIMBAaTLCA, cle-
JlyeT HHBAPHAHTHOCTb OTHOCHUTENbHO «OOpallleHHss BpeMeHH», 03Ha-
yawplas, YTo aMIVINTya peakund (3) oueHb IPOCTO CBA3AHA C aM-
nautygoft o6paTHOi peaknuu

X+Y+ ...>A+B+ .... (4)

Ecnu Bce CKOPOCTH 3aMeHMTb Ha OOGpaTHble B OZHOBPEMEHHO NoMe-
HATb MeCTaMM Npoilyoe u Oyayuiee (B 3TOM [0 ONPee/eHHIO H
3akJjiouaercsl «o6GpallleHHe BpeMeHH»), To peakuus (4) nepefmeT
B peaxuuio (3). CienosarenbHo, aMIIMTYAb OGeHMX peakuuii Mo
CYILIECTBY COBNAAalOT. AHANOTHYHO ec/H 0003HAUUTDL 4epe3 A aHTH-
yacTHly 175 YacTHUB A, a uyeped B aHTHYacTHUY AJS yacTHub B
U T. A. ¥ pACCMOTPETb PEaKIlHIo

A+B+ ..o X+V+ ..., (5}

TO ee aMnautyla OyAer W3BeCTHA, KOJb CKOPO H3BecTHa aMILIH-
Tyaa peakuuu (3), mortoMy uro (corsiacHO HMHTepnperauuu Jlu H
dura) peaxuus (B) nonyuaerca u3 peakuuu (3) npu mpocrTpa-
cTBeHHOH WHBepcHH. TOUHO TaKMM e CHOcOGOM NOaYyYaloT ¥ aM-
IVINTYAY Ui peakiuu

' X+Y+ ...>A+B+ .... (6)
Cootnomenusi (3)—(6) npeacraBasior cofofi He UTO HHOe, Kak
CJIeICTBHSI T€OMETPHUECKHX IPHHIUIOB HHBAPHAHTHOCTH.

Moxuo noiitTy eie nanbuie. CooTHOIIEHHS B KPOCC-KaHanax ro-
BOPAT HaM O TOM, KaK BbIYHC/HTb, HallpUMep, aMIUIHTYAY npouecca

X4+B+ ... A4+Y + ..., @)

1) Cw. [34, 3], a Takxe [36].
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ecJH aMILIMTyAa peakiuu (3) m3BecTHa. PasyMmeercs, HU BHIKJIALKH,
HM KOHEuYHble pe3yabTaTh He OyayT npocteiMu. [lpu npoBexenun
COOTBETCTBYIOLIMX BbIUMC/AEHHH HaM INPHJAETCS Y4ecTb, YTO aMILIH-
Tyla peakuuu (3) sBJfAETCA aHAJHTHYECKOHd (yHKUHed HHBapHaH-
TOB, MOCTPOEHHBIX U3 HMINYJbCOB Y4acCTBYIOIUHX B peakUWH YacTHI,
H OPOJOJIKHMTb 3Ty aHAJUTHUECKYIO (YHKUHIO Ha Takue 3HAYEHHS
nepeMeHHBIX, KOTOpble He HMelOT (PH3HYECKOro cMmblcia [Jis peak-
uud (3), Ho malOT aMIMHTYAy AAsa peakuuu (7). CyulectByior
¥ ApYyrue DeaklHy, aMIJIHTYIABl KOTOPBIX MOXKHO MOJYYUTb aHaJio-
FHYHBIM TyTeM. AMIVIMTYAbl BCE€X 3THX DeaKUUil BHIYHCAAIOT ¢ MO-
MOLIbIO AHAJNHUTUUECKOrO MNPOJAOJXKEHHUS aMIVIHTYyAbl peaxuun (3)
wan mo6oil u3 ocranbHeix peakun#. Tax, pas moayuenus (7)
MOXKHO noMensiTb Mectamu He A u X, a Aun Y u r. o

CooTHoIeHHs1 B Kpocc-KaHanax 006/afaloT AByMs CBOHCTBAMH
reOMeTPUUYECKHX MNPHUHIHIOB WHBAPHAHTHOCTH: OHH He OTHOCITCA
K KaKOMy-JAH0OO KOHKDETHOMY THIly B3aHMOJeiCTBHA, M OOJbIINH-
CTBO U3 Hac yOeKJeHO, 4TO 3TH COOTHOMIEHHs 061ajgaloT Heorpa-
HuueHHO# cdepoil npumenuMoctd. C APYroH CTOpOHLI, XOTS OHH H
LZOIYCKalOT (OPMYJNHPOBKY B TepMHHAX COOLITHH, (OpMyJHpPOBKA
COOTHOUIEHHH B KPOCC-KaHaJgaX BCe JKe HCXOAHT H3 MPelnoaoKeHHst
O TOM, UYTO Mbl pacrojaraeM HeKOTOPbIM 3aKOHOM IpPHPOJH,
a UMeHHO MaTeMaTHYecKHM (a B IefCTBHTENBHOCTH JAaxce aHaJju-
THYECKHM) BbIpakeHHeM AJI aMIINTYAbl OLHOH H3 YIOMUHABUIMXCS
Bblllle peakuuii. MOXKHO HafesATbCA, YTO KPOCC-CHMMETPHs [03BO-
AHT YCTAHOBUTbL CB53b MeXKJYy HbiHE Da3PO3HeHHBIMH reoMeTpHUe-
CKHMH W JWHAMHUYECKHMH NPUHHUNaMH HHBApHAHTHOCTH.
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POJIb TIPMHLIWIIOB I/IHBAPI/IAH_THOCTI/I
B HATYPAJ/IbBHOM ®HUJIOCOOUMY)

KAKOBA POJIb ITPUHIMITIOB HHBAPUAHTHOCTU
11 KAKOE MECTO OHHU AOJ/DKHbI 3AHUMATDL B O®M3UKE?

Boabmiasa yacte MOed HayuHOH [desTedabHOCTH Oblia NOCBsIlleHa
HCCAEOBAHUIO NPUHIUIOB CUMMETPUH B (BH3HUKe, NI0O3TOMY, [OJYUHB
npuraaiiedne npod. DepHapAMHH BHICTYNHUTb Iepel YYaCTHHKAMH
106UIefiHOH, decsiTol WIKOJAbl «DHpUKo Depmu» ¢ Aokaagom o ¢u-
10cOMCKON U TeOopeTHKO-TIO3HABATEJNLHOH POJM 3THX NPHHLHKIOB, £
6bl1 He TOJLKO NOJbLIEH, HO H BechMa ob6pajnoBaH. §I HamepeBaloch
pPaccMOTPETHb POJIb CHMMETPHH M IPHHIHNOB HHBAPHAHTHOCTH C He-
CKOJNILKO OoJiee oO6llell TOUKH 3peHHs], YeM OObIYHAsA TOYKa 3peHHus
¢usuka. $ BBICOKO LEHIO NPeLOCTaBUBIIYIOCS MHE BO3MOXKHOCTb
TOAENNTbCST ¢ BAMU HEKOTOPBHIMHM W3 BBIBOAOB, K KOTOPbIM XyTan-
neab, BaH JlaM ® f NPUUNIM HOC/Ae NPOLOJNKUTENbHBIX JUCKYCCHE.

B HalleM 3HAHWM OKPYIKAIOIlero Mupa CYIIECTBYET CTPaHHAs
nepapxus. KaxXaelfi MUT NPHHOCHT HAM CIOPIPH3bl M HEOXKHIAHHO-
cru. [loucTHHE MOXKHO cKasartb, 4To OyAyiiee HeompelZeseHHo. TeM
He MeHee MeXAY OKPYKAIOUHUMH Hac COOLITHAMH CYIIECTBYET OIpe-
[eJieHHAs] B3aMMOCBA3b, T. €. KOPpeNALHH, KOTOPble MBbl [103HAEM.
HiMeHHO 3TH KOPpeasilid H CTPEMUTCA OTKPBLITh HAYKA, N0 KpafiHeil
Mepe ecsid pedb HAeT O TOUYHBIX M SICHO BBIPAXKEHHBIX KOPPenslusx.
[Tocnennue colep:kaT yTOYHEHHS U 06OOIeHHsT HALlero MOBCeNHEB-
HOTO OMBbIT4, B HEKOTOPHIX CAy4YasX UAyliHe TaK HAJeKO, YTO MBI He
B COCTOSIHUM MPOCJAEAUTb HX MPOUCXOKAeHHe. B JApyrux cayuasx,
3Has KOpPedsAluH, Mbl MOXKeM C YBEPEHHOCTBIO [IPeACKa3blBaTh Te
HJAH WHble cOObITHA. 3HaYHTeJbHAN YaCTh MCKYCCTBA W MAacTepCTBa
HiKeHepa U (PU3HMKA-3KCIEPUMEHTATOPA COCTOHT B YMEHHH CO3JATh
YCJAOBHMS, NPH KOTOPLIX ONpe/ieseHHble COOBITHS 3aBeOMO JOJXKHBI
npousoiity. Tem He MeHee HelpedBUIeHHble 3apaHee COGBITHS
BCEr/{a IPOHCXOAAT.

PaccmoTpeB 3Ty CHTyalMIO HECKOJbKO FyG:Ke, Mbl YBUIUM, uTO
He MOrJIM Obl KHUTb B TOM CMBICJe, KaK MBI 3T0 [ejdaeM, eCJH 6bl
MeXAY OKPYXKAaWIHMH HAaC COGHITUAMH He Oblio Koppenauud. daxke.
ecnu Obl QYHKUMH Haliero TejJa OCTAJHChb HEH3MEHHBIMH, HO MBI He
morau Obl BJAHATL HA COOBITHA, a MeXAy COGBLITHAMH He GLIJIO Gbl
KOppeJsilluil BIH MBl He 3HAJH Obl HX B LOCTATOUHOH CTeNeHH, Halle

) Hoxnan npountan 14 woas 1963 r. B Bapenne Ha OTKpRITHH decsTOH
Mexnynapoanolt pnsnueckoil WKoibl «JHpuko Pepmur. OnysJHKOBaH B cOOpHUKe:
Proc. Intern. School of Physics «Enrico Fermi», 29, 40 (1964),
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CO3HaHUe BPAA JU MOTNO Obl OTJIHUATHCH OT «CO3HAHUA» pacTeHUU.
Haiwa onst He Morsia Gbl HH B YeM INPOSIBAATLCA, H TO, YTO Mbl Ha-
3bIBaeM KH3HbIO, Obl10 Gbl HeBO3MOXKHO. PasyMeercs, 3T0 OTHIONb
He O03Hayaer, YTO XKH3Hb 3aBHCHT OT TOTO, HACKOJBKO TOYHO Mbl
3HaeM KOppe/afiiid MeXAy COOBLITHSIMH, Bblpa)kaeMble HaUIMMH 3a-
KOHAMH NPHPOABI, H B JAeHCTBHTEJbHOCTH TOYHOCTb 3THX 3aKOHOB,
€cJIM HaJ Hell 3asymaTbesi, obMafdaer BCEMH 3JeMeHTaMH yyna.

Ham u3BeCTHH MHOTHe 3aKOHBI NPHPOALI, W MBI HajeeMcs OT-
KPBITb HX ellle 6oabuie. HHKTO He MOXKer 3apaHee IpeaCKa3arTs,
KaKoif Cc/leayIolmuii 3aKOH NMpHPoibl Oyler OTKPHT. Tem He Menee
3aKOHBI TNPHPOALI 06JafaioT CTPYKTYpOH, Ha3biBaeMOH HaMH NPHH-
UMNaMH HHBAapHAHTHOCTH. B HEKOTOPLIX cJaydasx 3Ta CTPYKTypa
npoctHpaercss HACTOJBKO AaJeKO, YTO II03BOJSEeT HAaXOAHUTh HOBBIE
3aKOHBI IPHPOALI HA OCHOBE MOCTYJaTa O TOM, UTO 3aKOHBI JOJKHbI
obaanath onpeAesieHHON WHBaPHAHTHOCTDIO.

3aKOHBl IIPHPOJABI He MOTJH Obl CyWlecTBOBATb 6€3 NPHHIHUIIOB
uHBapuantHoctd. Her HeoGxoaumoctu rayOke BHHKATb B CHTya-
1Mo, 4To6hl MOHATH 3Ty HCTHHY. OHa pasbscHeHa BO MHOTHX yue6-
HUKaxX 3JeMeHTapHO! (HU3HKH, XOTH JHIIb HEMHOTHE UHTATENH 3ITHX
KHUT 06J1aaioT JOCTATOUHOH CTENEHbIO 3PENOCTH, MO3BOJSIOUIEH 110
HDOCTOMHCTBY OLEHHTb NMOAOGHHe pa3biAcHeHHA. Lcim Obl Koppedas-
HHM MEXKAY COOBITHAMH MEHSJIMCh JeHb OTO AHA W ObM Obl pasanu-
HBIMH JUIf pa3HbIX TOYeK NPOCTPAHCTBA, TO OTKPBITH 3aKOHBI IPHU-
poabl OblIo Gbl HeBO3MOXKHO. Takum 06pa3oM, HHBapHAHTHOCTb 3a-
KOHOB NPHPOXbl OTHOCHTEJIbHO CABHI'OB B NPOCTPAHCTBE H BpeMeHH
CAYXKHUT TNOYTH HeOGXOJHMOH NPEeANOCHIIKOH TOro, YTO MBI MOMKEM
OTKPBIBATh KOPDPENANNH MeKAy COOBITHAMH, T. €. 3aKOHBl MPHPOIH,
i Jdaxe COCTABJATH MX KartaJoru. PasyMeercs, 370 He osHauaer,
YTO TOYHOCTb HJAW c(epy NPHMEHMMOCTH NPHHSATHIX B HACTOsLlee
BpeMsi TPHHLHUIOB HHBADHAHTHOCTH CJeIyeT CYHTATh HeoOXOIqH-
MBIMM YCJOBHSIMH CYHIECTBOBAHHA 3aKOHOB npHponsl. UyBcTBO Be-
Jauyaiiiliero yAWBJEHHS, €CJH Jaxke He H3YMJEHHHA, BLI3BIBAET TOU-
HOCTh HEKOTOPBIX 32KOHOB NPHPOJAB! (51 BCerjJa HCHBITBIBAA MCKYIIIe-
Hue [00aBHTb KOe-KakHe H3 HHX K KaHTOBCKOMY 3Be3JHOMY He6y
Haj HaMH) M KaTeropHuecKHil HMIlepaTHB BHYTPH Hac.

ViMenHo nepexom ¢ OAHOH CTyneHH Ha ApYyTyio, -0oJiee BLICO-
Kyl0 — OT §IBJIEHHH K 3aKOHaM NPHUPOAbl, OT 3aKOHOB MPHPOIBI K
CHMMETpPHH, W/IH MPHHUHIAM HHBADHAHTHOCTH, — IPeICTABJsIET CO-
Goit 1O, uTO f Ha3blBal0 WepapxHeld Hallero 3HaHus 00 OKpyalo-
IeM MHpe.

K ckasaHuoMy s XoTea Obl J00aBHTh JHIUb JABa 3aMedyaHHs.
Ilepsoe H3 HHX SKBHBA/NEHTHO JOMYLICHHIO O BO3MOKHOCTH BBeje-
HHA HeKOTOprX yripoillehiifi B NpOLecC NO3HaHMA HAMH OKpYXKaio-
U[HX SBJEHHH — TeX fIBJECHHH, MEXAY KOTODHIMH MBI XOTHM YCTa-
HoBHTb Koppeasiuud. OfHHM W3 3THX fBJEHHH, TakHe, KaK BOCXO) H
3aX0J COJHIA, MBl BOCNPHHHMAaeM HENOCPeACTBEHHO, XOTHA OGbACHe-
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HHe TOrO, 4YTO INOHHMAEeTCS MOJ HeNOCPeACTBEHHEIM BOCHPHSITHEM,
3aBeJio Obl HAac CJMIIKOM Jajeko M Oblo 6Gbl HeJerkoll 3ajaueii.
[pyrue ABJeHUsi, TakHe, KaK ABHXKEHHE o-UacCTHULI, Mbl BOCIPHHH-
MaeM JIHIWb ¢ HOMOIIbI0 YPe3BbIYaHHO CJOMXKHBIX HpHOGOPOB THIHA
Iy3bIPbKOBOH HJ¥M HCKPOBOH KaMepbl. B 3THX ciyyasix Mbl BEpHM,
YTO y3Ke H3BecTHBle HAaM 3aKOHbl NMPHPOAbBl NO3BOJST Y3HATb, Kak
(GYHKLHOHHPYET HCHOJb3yeMasi TeXHMKa, H 4TO HHQOpMaLHIo, H3-
BJIEKAEMYIO NIPH UHTepnpeTayuy YyBCTBEHHBIX AAHHBIX, OJYyYaeMbIX
¢ MOMOILBIO NPHOGOPOB, MOXKHO paccMaTpUBaTh HapsALy C TEMH YyB-
CTBEHHLIMH HAHHBIMH, HHTEPIPETHPOBATH KOTOpre MBbl HayUHJHCh
elle B AeTCTBe.

BeonuMoe MHOH JAoNylleHHe COCTOUT B TOM, 4YTO BOCIpPHATHE
ABJIEHHH B (PH3MKe OOLIYHO 3aBHCHUT OT YPOBHA Halllero 3HaHHUs 3a-
KOHOB npHpojsl. Hanpumep, He pacnosnarasi onpelleieHHbIMH 3Ha-
HHSIMH, MBI OBl He MOIVIM HMHTEPIPETHPOBATL TO, YTO HENocpes-
cTBeHHO HalJogaeM B Ny3blpbKoBOU. KaMmepe. CJjiefoBaTesbHO, OT-
JleJieHHe HAIMX BOCHPHATHH OT 3aKOHOB NpHPOAH — He Gojee ueM
ynpoutenne. XoTsi Mbl U yOexKJeHbl B TOM, YTO OHO HOCHT Ge3Bpej-
. HbIl XapaxTep, TeM He MeHee 3a0blBaTh O HeM He cJenyer.

Bropoe 3aMeuaHHe, KOTOPHIM 51 XOuy JONOJHHTBL CKasaHHOe
Bblllle, ©MeeT Gosiee HENOCPeACTBEHHOE OTHOIUEHHE K HallieH TeMe.
$1 xouy OGDBACHHTb, NMOYEMY MHE BCe BpeMsl NPHXOLHTCH TFOBOPHTH
0 3aKoHMax TMPUPOABL, a He 00 OLHOM YHUBepcaJbHOM 3akowe. Jlei-
CTBUTEJbHO, ecu Obl OblJ1 OTKPBIT YHHBEPCAJbHbIE 3aKOH NPHPOLIH,
TO NMPWHIHUIL HHBAPHAHTHOCTH CBEJNHCHh OBl NIPOCTO K MaTeMaTHue-
CKHM Npeo0pa3oBaHHAM, OCTABAAIOLINM HHBAPUAHTHBIM 3TOT 3aKOH.
Brosine BO3MOXHO, 4TO NPH INOJYYeHHH PAa3/IUYHBIX CJACACTBHE M3
YHUBEPCAJbHOI0 3aKOHZ MNDUHUHUIL HHBAPDHAHTHOCTH OCTAJHCH Obi
He MeHee TIOJIE3HBIMH, YeM OHH OKAa3aJuCh IPH BEIBOJIe KAUeCTBEH-
HBIX NIPaBHJ CNEKTPOCKONHH M3 3aKOHOB KBaHTOBOH MexaHuku. Ho
ecad Gbl yHHBepCaJbHBIH 3aKOH NPHPOAB! ObIT OTKPBIT, TO INPHH-
LMITE MHBADHAHTHOCTH YTPAaTHAH Obl TO MeCTO, KOTOpPOe OHM 3aHH-
MalOT B ONHCAHHOH Bbllle HEPAPXHMM HALWKX 3HAHHH O MNpHUpOJe.
Pasymeercsi, Bce Mbl NBITaeMCS OTKPBHITh YHHBepCaJibHbIli 3aKOH
OpHPOAbL, U HEKOTOpBle H3 HAC BePAT, UTO KOrAa-HHGyAb OH Gyaer
oTkpuiT. Ipyrie (M ux TOXe HeMaJo) NOJAraloT, YTO Halle 3HAHHE
3aKOHOB NPHPOJHR HHKOTAA He OyxeT MonHbM. XOTS JHIIL BTOpas
aJqpTepHATHBA OTBOAMT MNPHHUKHIAM HHBAPHAHTHOCTH HEH3MEHHO
BaxKHOe MeCTO, OHAa He FapaHTHPYyeT, YTO MNPHHIMIBL HHBAPHAHT-
Hoctd OYyAyT 3aHHMaTh €ro Bceraa. B aToll c¢Basm yMectHo same-
THTb, YTO B OTHOHIEHHH 3aKOHOB HPHPOAH [eJ0 O6CTOHT TOYHO
TaK Ke: ecaM Obl MBI PACMosiaTaji MOJHBIM ONHCAHHEM BCEX fBJIe-
HUH, ¢ KOTOPHIMH HaM KOrAa-au60 NMpHAeTCA CTOAKHYTHCH, TO -KOp-
PeNsilUH MeXAy SIBJEHHSMH, T. €. 3aKOHbHl NPHPOAB, BO MHOTOM
yTpaTuid Obl cBoe 3HAaueHHe NMOJOGHO TOMY, KaK 3TO MPOH3O0ILJIO
6bl ¢ [NPUHUHNAMH HHBAaDHAHTHOCTH B pe3yJbTaTe OTKPBITUSA
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VHHBEPCAJAbHOTO 3aKoHa NPHPOAbL. [locKosbKy /Ml HEMHOTHe H3
Hac (ec/u TakoBble BOOGHIe HMEIOTCSI) BePAT B BO3MOXKHOCTBL Jia-
1J1aCOBCKOTO «CBEPXPa3yMma» ¢ ero NOJHbLIM 3HaHHEM BCEX ABJEHHH,
GOJIBLIHHCTBO CKJIOHHO TNpHAaBaTbh OOJbILEe 3HAUEHHE 3aKOHAM IIpH-
poIbl, HeXKeJH MPHHLUHIAM HHBaPHAHTHOCTH.

O6paTtuMcs Temepb K JABYM JPYTHM BOIPOCaM: BO-NEPBHIX,
K BONPOCY O INPHPOAE H DPa3BUTHH NPHHIMIOB HHBAPHAHTHOCTH,
BO-BTOPbIX, K HEH3MEHHO Ba)KHOH DOJIM HX B BO3MOXKHOM M, i Ha-
Ielocb, GJH3KOM 0ObeAHHeHHH (GH3HKH ¢ IPYTHMH 00JacTAMH ue-
JIOBEUECKOTO 3HaHHS.

IMPUPOJIA U PA3BUTHE TMPUHUMIIOB MHBAPUAHTHOCTU

B uepapxuu walidx 3HaHUHA 00 OKpyXailouleM MHpe KJaccHue-
CKHe TPHHUHUNBI WHBAPHAHTHOCTH, WIH CHUMMETPHH, JexXaT Ha JBe
CTYIIeHH BBIIle HEMOCPEACTBEHHLIX Ha6/104eHui, HO HX (OpMYyJH-
PYIOT B AOJKHB (POPMYJAHPOBATb B TEPMHHAX HENOCPEJCTBEHHBIX
nabmonenut. Tak, npuaaras GOpMYyJHPOBKA HHBAPUAHTHOCTH OT-
HOCHTE/JbHO CABHTOB BO BPDEMCHM [JIACHT: KODPEJSLHH MeXIy CO-
ObITHSMY 3aBUCAT JIHUIb OT HHTEPBAJIOB BPEMEHH, PasjessioliHx
3TH CcOOLITHS, H He 3aBHCAT OT MOMEHTa BPeMEHH, KOTJa IPOHCXO-
ouT mepBoe u3 HUX. CJeloBaTeNbHO, €M B PAa3JHUHble MOMEHTHI
BpeMeHH CO3/aHbl OJHH M Te Xe Hajjeskallue YCJHOBHSI, TO BeposT-
HOCTH MOCJEAYIOUIUX COOBITHH OGYAYT OAWHAKOBBIMH HE3aBHCHMO OT
TOro, Korja OblIH CO3JaHBl 3TH HajJexKalllue yCJ0BHsA. §1 cosnalo
H OXOTHO [OMYCKAalo, 4TO 3MHTET <«HalJexKallHe», XapaKTepH3yIo-
muil yCJIOBHS, MJIOX M HeTOoueH. Takas pacmjblBUaTOCTh HeH3BexHa,
KOJIb CKODO ‘Mbl OXKHJaeM OTKPBITHA HOBBIX areHTOB HJIM HOBBIX 3(-
(beKTOB, BLI3LIBAEMBIX YiKe H3BeCTHbIMM areHTaMu. HecMmorpsi na
3Ty HETOYHOCTb, YTBEpXKJeHHe O TOM, uT0, (GOPMYJUPYS NMPHHILHOLI
HHBaPHAHTHOCTH, MBbl ONyCKAaeMCd Ha JBe CTYNEHH M HCIOJNb3yeM
HermocpeACTBEHHO TeDMHHBl HaAO/M0JeHHl, ocraetcs B cuje. TOAbKo
np¥ TAKOM MOAXOJAe NPHHIMIE HHBADHAHTHOCTH MOTYT 06/1a1aTh
OOLIHOCTBIO, MOCTATOYHOH JJsi TOro, 4toOnl yKa3aTb HaM NyThb
K (GOpMYyJHpOBKE M NPOBEpKe HOBBIX 3aKOHOB NMPHPOUH. [IpuHnnnn
MHBADUAHTHOCTH GQOPMYNUPYIOTCS HEMoCPeACTBEHHO B TEPMHHAX Ha-
GJIoleHHH, TaK Kak HapylUIeHHe UX Jyullle BCEro yCTaHaBJAHMBaeTcs
¥WMeHHO B TepMuHax Habuofenuil. Hanpumep, ans goxasarenncrsa
HapyUleHusi NPUHIHNA YeTHOCTH Oblia CO3faHa CHCTeMa, KOTopas
o6nagaja cuMMeTpHell OTHOCHTEJbLHO HMHBEDCHH H B KOTOPOH 3aTeM
06HapyKHAOChL OTKJIOHeHHe OT 3TOH cUMMeTpHH. [locTaTouHo 6BLIO
MOCTPOUTh CAMYI0 3JIEMEHTAPHYIO TEOPHIO, YTOGHl MOHATH, YTO 3KC-
nepiiMeHT By HaXoIMTCSi B INPOTHBOPEUMH C NPHHIUIOM YETHOCTH.
- XoTa KJaCCHYeCKHe TMPHHUMNBLI HHBADHAHTHOCTH  (OPMYJH-
pYIOTCH HEMOCPEACTBEHHO B TepMHHAX HaOJIOZeHHH, X PelKOo Hc-
NOJB3YIOT AN mpejckasaHus Gyayuwero. I'opasmo uaine oHH cay-
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KAT CPEACTBOM MNpPOBEPKM KakKoH-HUOYIb TEOPHU WJIM 3aKOHA IIpH-
poAbl (¥ TeOpHsT W 3aKOH NPHPOLB COOTBETCTBYIOT OGauxkalilued
K AAuHLIM OIbITa CTyNeHH HalleH HepapxXHHu), HNPH TaKkoli IpoBepke .
HaM HeoOGXOJMMO Y/AOCTOBEPHTbCS, COIVIACYIOTCSA JIM CAEACTBHSA U3
npeano/jaraeMoro 3akKOHa WJIH HOBOH TEOPHH ¢ TeM HJH HMHBIM
MPHHIHIIOM MHBAaPHAHTHOCTH. /151 3TOro HepeAKO NPHXOAMUTCA NpH-
feraTb K JOBOJIbHO CJIOXKHBIM MaTeMaTHUeCKHM M JIOPHYECKHM OIle-
pauusaM, HCHONb3yd XHTPOYMHBIE IOCTPOEHHs!, IIpHMeHsieMble IIpU
(hOPMYJHPOBKE 3aKOHOB NPHPOABL. DTUM H OOBACHSETCS <«ydeHBIH»
XapakTep HEKOTOPBIX PACCMOTPEHHI B TEOPHH HHBAPHAHTHOCTH.

Panee y:Ke roBopu/sioch, 4TO 3aKOHBI IPHPOJLI TPYAHO ObLAO Gbl
yCTAHABJAUBATh, ecAu OGbl OHH He OblIM HMHBAPHAHTHBIMH OTHOCH-
TeJbHO CIABHMIOB B NMPOCTPAHCTBE W BO BpeMeHH. He MeHblLIHe TPyZ-
HOCTH BO3HHMKaaHu 6bl U B TOM cJydae, eclH Obl 3aKOHBI IIPHPOJABI HE
00/1a1a/l1 HHBAapHAHTHOCTbIO OTHOCHTEJNbHO Bpamienuil. Bce Ha-
3BaHHble HAMH HHBApPHAHTHOCTH CYHTA/JHCh TBEPJO YCTAHOBJIEH-
HBIMH ellle [0 TOro, KaK BO3HHKJA sICHAs KOHUENUHS 3aKOHOB NpH-
poanl. TeM He MeHee NPOBEPHTb ¢ MOMOINBIO APAMOrO 3KCIEPHMEHTA
MAHBAPHAHTHOCTL OTHOCHTEJNBHO BpallleHHH — H30Tponuio ¢usuve-
CKOTo INPOCTPAHCTBA - KpaiHe TPYAHO: HaM KaxeTcs, 4YTO MexXAy
HanpaBJeHHAMH BBepX, BHH3 H B CTOPOHY CYUIECTBYeT fBHOe pas-
jgdune. Bompeku 3TOMy, HbIOTOHOBCKAasi TEOPHSI TATOTEHHS U €ro

. ypaBHeHUS] ABHKeHHs OO6JaJal0T HHBAPHAHTHOCTBIO OTHOCHTEJNbHO
BpallleHUH M JawT ajleKkBaTHoe OOBbACHEHHE BBHIIEYNOMSHYTOMY pas-
JHUHIO, CBA3BIBASI €T0 C 3eMHBIM NPHTSI:KEHHeM. Mbl BUIHM HA 3TOM
npuMepe, KaK 3aKOHbl HPHPOABI M NPHHUHUIE CHMMETPHH — JIBE CO-
CellHHe CTYyIeHH JIeCTHULBl — NOJJIepKHBAIOT ApPyr Apyra. PesyJb-
THPYyOLLAsd HHBAPHAHTHOCTb OTHOCHTENbHO npeoGpazoBaHuil ['anu-
Jesi WIH HX MOoAuQuKanuu — npeobpasobanuii Jlopenia — OTHIOLb
He Oblia OYeBHAHA IO TOrO, Kak ee oco3Haau [aauaedi u HpioToH.
[TpubausutenpHo ¢ 3TOro Ke BPEMeHH CUHTaNach YCTAHOBJEHHOM
U CUMMETPHSI OTHOCHTEJbHO OTPazkKeHHH B NPOCTPAHCTBE H BpeMEHH,
HO 3(ppeKTHBHOCTL W 3HAUeHHe 3THUX CHMMETDHH B KBAaHTOBOH Me-
XaHHUKE OKasanuch JAJ1s BceX clopnpu3oM. To Xxe, XoTsi 1 B MeHbILEH
CTeleHH, OTHOCUTCSI H K APYTHM KJ4CCHYECKHM CHMMETPHSM.

Jo cux nop s roBopuJ 0 KIaCCHUECKHX CHMMETPHAX, T. €. 0 CHM- -
MeTpuAX (GH3HUECKOro IPOCTPAHCTBEHHO-BPEMEHHOrO KOHTHHYYMa,
AHAJOTHYHbIX KJEHHOBCKHM CHMMETDHAM TIeOMEeTPHYeCKOro Mpo-
cTpaHcTBAa. B Hacrosujee BpeMs KJacCHUECKHE HHBapPUAHTHOCTH,
BCTpevamomuecs B (pusmke, He ABASIOTCH €AMHCTBEHHBIMH — 3aKOHHI
NPUPOAL MOryT ObITh UHBADUAHTHBIMU OTHOCHTEJNLHO CIABUFOB BO
BpeMeHH, Yero He/b3f CKasaTb O CaMoOll KOHLENUW¥ HHBAapHAHTHO-
ctu. Mcnons3oBanve ONHOTO M TOTO K€ TePMHHA AJA KJAaCCHYECKHX
H HOBBbIX HHBapHaHTHOCTeH (0 NOCAEAHHX peub NOHAET AaJjblie),
MoxeT OBITh, He OUeHb XeJaTelbHO, HO 3To ykKe npobieMa 3
obaactu .cemaHTHkH, To, 4TO Mbl HasbiBaeM 3[€Cb <«HOBBIMH
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HHBaPHAHTHOCTAMHU», MO-BUAHMOMY, Jaydile Obljio Gbl HA3bIBATH He-
reoMeTpHuYeCKHMH HHBAapHAaHTHOCTAMHM. B ux umcio BxOauT uKaJII/I6-
poOBOYHAS HMHBAPHAHTHOCTb 3JEKTPOMArHHTHOTO B3aHMOIEHCTBHS,
«BOCBMepHYHBIHE IyTh» Heemana — lensn-MaHHa M HecKOJIbKO Jpy-
rHX HHBapuaHTHOcTeH. KadecTBeHHOe pas/jiHuMe MexJAy HHBApHAHT-
HOCTbIO OTHOCHTEJIHO BpallleHWil H, HanpuMep, KaJHOpPOBOYHOH HH-
BapHAHTHOCTBIO OlIyLIaercsl BceMH. TeM He MeHee [Jaf 3TOro
HHTYHTHBHO OLIyLaeMOro BCeMH pasJH4YHs YMECTHO AaTb UETKYIO
U [0 BO3MOMKHOCTH OOLIyI0 (OPMYJHUPOBKY B TepMHHaxX PyHAAMEH-
TaJIbHBIX TIOHATHUH. .

OcHoBHOe pasJjnuue, eCJH FOBOPHTb KPaTKO, COCTOHT B TOM, UTO
HOBble MHBAPDHAHTHOCTH NPEACTABAAIOT cOOOH MHBAapHaHTHOCTH OT-
IeNbHbIX TUIIOB B3aMMOJEeACTBHI, a He BCEX 3aAKOHOB IPHPOALL

Orcrona ciaeayer, Bo-NepBbIX, CYIIeCTBOBAHHE PA3JIMYHBIX THIOB
B3aUMOJeHCTBHH, TaKHX, KaK TCpaBUTAalUOHHOe, cjaaboe, 3JeKTPO-
MarHUTHOe 4, MOIKeT ObIThb, JBa BHAA CHJbHBIX B3aUMOJEHCTBHH.
Bo-BTOpbIX, OTCIOHA CJelyeT, 4TO HOBLIC, WJIH HereoMeTPHUECKHE,
THIIBI HHBaDHAHTHOCTEH HEBO3MOXKHO c(OpMyJIHpOBaTh HeMNoOCpel-
CTBEHHO B TepMHHAaX KOppeafAluil MeXAy COOBITHSIMH, B TO BpeMs
KaK KJacCHUeCKHe, HJH reOMeTpHYeCcKHe, HHBAPHAHTHOCTH, KAK yiKe
NOAYepPKUBAJOCh, NOMYCKAIOT Takyl ¢opMyanpoBky. Ecau 6wl HO-
Bble HHBAPHAHTHOCTH MOXKHO Obl10 C(OPMYJHPOBATH B TEPMHHAX
KOppensauuil Mex/1y COOEITHAMH, TO HMH, TaK € KaK H KJacCHue-
CKHMH HMHB2pPHAHTHOCTAMH, obJjafanu O6bl Bce B3aHMOIEHCTBHS.
B meiicrBuTebHOCTH Ae0 OOGCTOMT HHAYe. v

Bo3nukHOBeHUe cnenu(HYecKHX THNOB B3aUMOAEHCTBHE KaK OT-
Je/IbHBIX, BIIOJIHE DAa3/JHYHBIX CYILHOCTeHl NPHHAAJNEXKHT K UHCIY
HauGosee MNOpPAa3UTENbHBIX pe3yJabTATOB MNOCTELHEro AecSTHIIETHS.
[MosBonuTenbHo 3aMeTHTh (He 6e3 capkasMa), 4TO UHCJIO PasJnuy-
HBIX THIIOB B3auUMOJAeHCTBHH 06JajaeT TPeBOXKHOH TeHJeHIHel
K Bo3pacraHuio. He MeHbllee yAHBJIeHHEe BHI3BIBaeT H TO 06CTOf-
TEAbCTBO, YTO KaykAOe M3 3THX B3aMMOACHCTBHH HHBAPHAHTHO OT-
HOCHUTEJNBHO CBoell rpynnel. Tak, CHJIBHOe B3aHMoJelicTBHe HHBa-
pPHAHTHO OTHOCHTeJbHO rpynnel SU(3), 2JeKTPOMarHuTHOE — OTHO-
CHTe/IbHO TPyNObl KaJuGpOBOUHBIX NpeobpasoBauuil, ciaaboe B3au-
MOJEeACTBHE — OTHOCHTEIbHO HECKOJbKO G60Jiee CJOXKHOH TIpyIilH,
onpefensieMoll BeipaxenueM V — A. paBuTauuonHoe B3zauMomell-
CTBHEe si CYHTAI0 HHBAPHAHTHLIM OTHOCHTENbHO OGIUEH TPYIMbl KO-
OpAMHATHBIX NpeoGpasoBanuii. B xaxaoM cayue rpynma cHMMeTpHH
N03BOJIsleT HAHTH BbipaxkeHHe MJIs COOTBETCTBYIOILErO B3aHMOJeli-
CTBHA ¢ TNOMOUIbIO HeGOJbUIOro YHCJaa AONOJHHTENBHBIX THIOTE3,
BBOAHMEIX AJs GOJbllled TIPOCTOTH OKOHYATEJNLHOTO BHIPaxKeHHA.
Eciau Moe 3aMeyaHHe OTHOCHTEJbHO TPaBHTAUMOHHOTO B3aHMOJell-
CTBHSl BepHO, TO pedyabraTrhl Poka 03HAYalOT, YTO HHBAPHAHTHOCTD
obuie#i TEOPHH OTHOCHTENbHOCTH NPH AeHCTBHH TIPYNNE IPOH3BOJL-
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HBIX TpeoGpasoBaHHii KOOPAMHAT CJelyeT CUHTATh He KJAaccHue-
CKMM, a HOBBIM, HereoMeTpPHYeCKMM THIOM HHBAapHAHTHOCTH.

Henb3s He ynoMsiHyTe W O TOM, YTO NSITh YKa3aHHLIX Bblllle TH-
110B - B3aUMOJEHCTBHY M0-Pa3HOMY CBSI3aHbl C COOTBETCTBYIOLIMMH
rpynnamu. Pasjuuus 3dech AOBOJbHO BeJHKH, W Heldb3s ObITh
BIIOJIHE YBEPEHHBIM, YTO B KaXXJOM OTHe/JbHOM CJyyae HaM yxKe H3-
BeCTHa HCTHHHas rpynna. [lo-BHAMMOMy, HOMKeH CylLlecTBOBATH
KaKoi-To 6GoJiee TMYGOKHUH NPHHIHI, MO3BOJAIOLIKI OOBACHUTH, MO-
yeMy HMeeTCsi HeCKOJNbKO THIIOB B3aHMOJEHCTBHH H COOTBETCTBYIO-
IHX UM PasJHYHBIX TPYIIL

PaccMoTpuM HeKsmacCHYeCKYI0O HHBAPHAHTHOCTb, M3BECTHYIO HaH-
poJsiee AAaBHO, — KaJAHUOPOBOYHYI0O MHBAPHAHTHOCTL 3JE€KTPOMATHUT-
HOTO B3auMMoJeHCTBHsA. BBeleHHe HOBOro INOHATHA — 3JEKTPOMAr-
HHTHBIX TOTEHUHAJOB — OPH ONHCAHHH B3aUMOACHCTBHH 3JeKTpH-
YeCKHX 3apAA0B M 3JEKTPOMATHHTHOTO MOJIA HOUTH HeusGexno. Mol
He yTBep:KAaeM, UTO 3TO aGCOJIOTHO HeU3GeXKHO, MOCKONLKY ¢ Io-
MOIIbIO TOFO WJAH HHOrO XUTPOYMHOIO IpHeMa BCerja MOXKHO Habe-
JKaThb HCIIO/Ib30BAaHHs JI0O0TO KOHKpeTHOro moHATus. Kak 3710 cae-
JaTh B paccMaTpHBaeMOM HaMH cJydae 3JeKTPOMAaTHHTHOTO B3au-
MojeHcTBHs, OBIO HOKa3aHo MangenbcraMoM. Bumecre ¢ TeM Her
HMKAaKHX COMHEHHH B TOM, YTO 3JIEKTPOMAarHHTHOe B3aHMojelcTBHe
¢ TOMOLIbI0 NOTEHIHMAJ0B Bhipaxaercs ropasfo npoue. [loren-
HUAJBl, HCMOJb3yeMble INPH OMNUCAHUH 3IJACKTPOMATHHTHOrO  MOJS,
o6s1afaoT U3OGBITOYHOCTBIO, T. €. OAHOH U TOH XKe (U3HUECKOH cH-
TyalHH oOTBeyaer OeCKOHEUHOe MHOXKECTBO NOTeHIHas0B, Huaye
roBops, (uanueckas curyanus (T. e. Bce Hab/lofdaeMble CBOHCTBA)
MHBAapHAHTHA OTHOCHTEJNBHO ONpeleseHHLIX npeobpas3oBaHKil MoTeH-
I{HaJioB, M, HaobopoT, HabaOdaeMbl TOJBKO Te€ COCTaBJeHHbIe H3
[OTEeHUHAJNOB BEJHYNHBI, KOTOPble WHBAPHAHTHHE OTHOCHTEJbHO 3THX
npeo6pasoBaHud, HasbiBaeMbix KanuOpoBouHBIMHM. [lo 3TOoro Mo-
MeHTa 3JIEKTPOMATHUTHLIA MOTEHUHAJ BBICTYNAeT KaK HEKOe TIpo-
MO3JKOe, HO TeM He MeHee He NOCTaBJsloNlee HHKAKMX HENPHATHO-
cTell MOHsATHe, cayKalliee AJsl ONMHCAHUS 3JEKTPOMArHHTHOTO IOJS.
Oxuako Ha ciefylollleM 3Tale BBOJAAT MOCTYAAT: pU3HUECKAd CUTYa-
HHS COXPaHfAeTCsd HEM3MEHHOH JIMIIb B TOM CJydae, €C/H KaxKaoe
npeo6Gpa3oBaHHe 3JEKTPOMATHHTHBIX IOTEHUHAJNOB B 5SKBHUBAJIEHT-
Hble MOTEHIHAJ/bl CONPOBOXKAAETCSH ONpeJeJeHHbIM TMpeoGpasoBa-
HHeM TOrO I[0Jf, ¢ KOTOPHIM OHH B3aHMONEHCTBYIOT, T. €. IOJIST Ma-
Tepuu. B 3TOM u cocrout pewarwuuit war. OH HPUBOAUT K TOMY,
4TO MHOTHE BEJMUYHHbI, 3aBHCALIHe JHWbL OT NOJS MaTepHH, Nepe-
craloT ObiTh HabJIOfaeMBIMH, NOCKOJBKY OHH He MHBapHaHTHBHI
OTHOCHTENbHO KaNHOGpOBOUHBIX NpeobpasoBaHHil. Uto6e 3TH Beau-
4HHBl BHOBb OGpeNH HHBAPHAHTHOCTb, HX HEOGXOJHMO MOIM(HIH-
poBaTh. KpoMe TOro, ABe pas/inyHble KOMGHHALHH H3 MO MaTepHH
¥ TOTEeHIHa/0B, MOJyuallliecs olHa W3 JAPYroi npu Kaaubpo-
BOYHBIX NPeo6pa3soBaHUAX M NOTOMY (PH3HYECKH 3KBHBAJIEHTHBIE,
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C TeueHHeM BpPEMEHH MOTYT NepeHTH B (H3HYECKH HEIKBHBAJIEHT-
Hble KOMOMHAIIMH, €CJIM MX 3BOJIOHHs BO BpeMenu Oyher onpene-
JISITHCSL BOJIHOBBIMH YpaBHEHHSAMH, HE HU3MEHSIOLUIUME CBOEro BHIA.
Takoe nojoxenue 6bI0 Gbl abeypanbiM. OTClOna Mbl 3aK/aKOyaeM,
YTO YpaBHEHHs MO, ONpeAeNfIollle BPeMEHHYIO 3aBUCHMOCTD NOJIA
MATEPHH H MOTEHIHAJAOB, HOJKHB ObITb MOAUQPHUHPOBAHH. ITO
O3HAYAEeT, YTO MBI JOJKHBl Y4eCTb B3aUMOJRHCTBHE MeXKAY HOJMAMH.
[To-BugumMoMy, nazke mpocreduias MOAHMGQHKALMA, TapaHTHpyoOLIaf,
YTO YKBUBaJICHTHLIE TIOJI1 B TeYeHHe BCEr0 BPEeMEHH OCTAlOTCS 3K-
BHBAJEHTHBIMM, NPHBOAUT K TOYHOMY OMHCAHUIO 3JIeKTPOMATHMT-
HOr0 B34AHMOLEHCTBHA.

Mrax, sbipaxkenue J[UIA SJAEKTPOMATHHTHOTO B3aHMOIEACTBUA
MOXKHO HOJYYHTH C NOMOINLIO KpalHe HCKYCCTBEHHOro npuema. Bo-
NepBblX, AJ8 ONUCAHHUA MOJAS HYXKHO BBECTH H30BITOUHLIE BEJHUHHBI,
a HMMEHHO UOTeHHHaJbl, BOo-BTOPHIX, HEOGXOAHUMO MOCTYAUPOBATH,
uyrto npeobpa3oBaHHe OMHOTO MOTEHIMajJa B 3KBHBAJIEHTHBIH eMy
LOJKHO CKa3biBAThCsT M HA JAPYrux (H3HUECKHX BEJHYHHAX — Ha
noJjie MaTepuH; KpPOMe TOro, CHAeAYeT MNPHUHATH cleliHaJbHOe A0MY-
lleHde OTHOCHTENbHO XapaKTepa H3MeHenus 3THxX Beauuuns. Haxo-
Hell, Tpefyercs Tak MOAMGMHUUPOBATL YPABHEHUS NOJHA, YTOOL OHH
He NPHBOLHJIN K HAaPYUIEHHIO SKBUBAJEHTHOCTH HECKOJLKMX BO3-
MOXKHBIX ONMCAHWA OAHOH ¥ TOH XKe (usuueckoft curyauuu. He-
TPYAHO BHIEThb, YTO ONMCAHHAS NPOUELypa BO MHOTOM HANOMHHAET
Ty, KOTOpasl NPHBOJAMT K SHHINTeHHOBCKHM YPaBHEHHAM B TeOpUU
rpaBUTAIUH. [{eflcTBHTENbHO, B 3TOH TEOPHH MBI TaKKe MOKeM HJif
Hayaja BbOpaTh HEKOTOPYIO CHCTeMY KOOPAHHAT, YAOBJETBOPSIO-
mywo tpefoBanuaM Poxa, H cuHTaTh, TAKMM O0pa3oOM, 4TO JMBeEp-
reHUHsT MEeTPHUECKOTO TMoJsl paBHa HYJI0. 3aTeM MOMKHO BBeCTH
HEKOTOpOe M30BITOUHOE IoJie, AHBEPTEHLHs KOTOPOTO OTJHYHA OT
HYJA, ¥ HOCTYJNHUPOBATh, UTO HAOMIOJaeMbl ¥ HMeloT (U3HUecKUH
CMBIC/ JIHILIb Te BeJHYMHBI, KOTOpble OJHHAKOBbl BO BCEX IONYCTH-
MbIX CHCTeMax KOOpJAHHAT, T. €. HWHBApPHAHTHBL Pemawumuit mar
B SHHIUTEHHOBCKOH TeOPHH COCTOMT B IIPHHATHM MNOCTyJara, co-
IJIaCHO KOTOPOMY BCe (HM3HYECKHe BEJHUYMHbLI, B YaCTHOCTH TEH30D
SHeprHU-HMMyJbca, NMpeolfpasyloTes TAaK XKe, KaK MeTpHUecKoe noJe,
T. e. Kak TeH3opbl. CaenaB 3TOT wiar, Mbl MOJyYaeM B pacnopsixke-
HHE BCe NOCTYJAThl DUMaHOBOH TeOMeTPHH, KOTOpPble HCMOAb30BAM
DiinuiTeliH NpH BLIBOJE CBOMX YPABHEHHH B TeOPHH T'PaBHTAIIHH.

FoBopst o ToM 0o61ieM, 4TO CYHIeCTBYeT MeXKAY IpaBHTALHONHbIM
H 3JIeKTPOMATHHUTHLIM B3aUMOJEHCTBHEM, HENb3H HE OTMeTHTb
OrpoOMHOE pasjiiiue MeXJAy OTHOWIeHHEeM TPaBHTALMOHHOIO H 3JeK-
TPOMArHUTHOTO B3aUMONEHCTBUA K MX TpPyNnaM, ¢ OZHOH CTOPOHHI,
H OTHOLIeHHeM ¢/J1a00ro M CHJBHOTO B3aHMOAEHCTBHH K HX IpyII-
nam — ¢ apyrofi. [locjeqHue OTHOWIGHHS ¥ TPYNIBI rOPasfo NpoILe
M HOCAT Oonee HarJsiAHBIH XxapakTtep. Moxer 6bITb, KOTAa-HHGYAb
Mbl TOfiMeM NMPHYHHBI CTOJb GOABLIOTO Pa3nuyMsl, HO He HCKIAIOYeHa
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M JApyras BO3MOKHOCTb: NOCTENEHHO MOAH(PHUHPYA TEOpPHIO, Mbl
YCTPAHUM 3TH DPa3/iuyusg H [OPHIAEeM K OoJdee NOCAEN0BaTeIbHOL
TOYKe 3DEHHsI Ha OTHeJIbHLIe THIbI B3aHMoJelicTBHil. IMeHHO B 3TOM
COCTOHT LieJIb NPeNJIOKEHHsT Y THAMEL.

Econ, roBopst 0 HEK/IaCCHYECKHX, H/H HEreOMeTPHUECCKHX, HHBA-
PUAHTHOCTAX, Mbl MOTVIH HAJIEAITLCS, UTO OHH OOPETYT OBILYIO CTPYK-
TYPY M Jlaxe CONbIOTCA B e[MHOH, Gosiee ryGOKOH CHMMETPHH, TO
pasHuHe MeXy KAACCHYeCKHMH MW HeKJACCHUeCKHMMH HHBAapHAHT-
HOCTAMH OKa3biBaercst ropasfo cuabHee. [IpeanosoxumM, uto Mbl X0-
THM PacCMOTPETb JIOPEHL-HHBAPHAHTHOCTD TOUHO TaKHM Xe 06pa-
30M, KaK Mbl TOJBKO YTO PacCMarpHBaNH KaJdHOPOBOUHYIO HHBA-
puaHTHOCTD. [Ipex e BCero B JIOpeHN-HHBAPHAHTHOH TEOPHH HEOG-
XOAHMO HAHTH W3OLITOUHblE BEJHYHHBI. MOXKHO CKas3aThb, 4TO HYX-
HOl HM3GBITOUHOCTBIO OGJIaNAIOT OGBIYHBIE aGCOMIOTHBIE KOOPIAHHATHI
M 4TO HCITIO/Ib30BAHHE HX BMECTO PACCTOSIHHH MeKy 4aCTHIAMH HJIH
BMECTO KOOPAWHAT OTHOCHTEJNBHO LEHTPA Macc caMo No cebe «He-
yao6ro, Ho GesBpenno». OnHAKO oGbiuHble aGCOMIOTHEIE KOODH-
HATLl MOXKHO HAOJI0AaTh, OTHOCSA HX K JAPYrMM (H3HUECKHM CHCTe-
MaM, CJMIIKOM YAaJdeHHBIM OT paCCManHBaeMOﬁ CHCTEMBbl H IIO-
TOMY He BJ/IHAIOLIMM Ha Hee, HO NPHUAAIOIIHM (H3HYECKHH CMBIC
abCoJIIOTHEIM KOODJAHMHATAM COCTABHBIX uacTell cHcTeMBl. AGCOMIOT-
HBIM ITOTEHLIHAaJaM TAKOro CMbICJIA NPHAATL HeJb3f, OHH HCTHHHO
M30bITOUHBI.

B3IVIA B BYOVIIEE

Mpl Hauand Halle PacCMOTPEHHe, YIOMSAHYB O HeONpeXeleHHO-
¢ty GyAyllero, o CIOPNPH3aX H HEOXHIAHHOCTSX, NOACTEPeTaloLUuX
Hac Ha KaxaoMm mary. I'oBOpS o ToH posMH, KOTOPYIO NPEXCTOHT
chirpath B OyiylleMm NPUHIHIAM WHBADHAHTHOCTH, i BCTYNAIO Ha
3pI6Kyl0 MOYBY. B onpaBlaHHe 3aKJIIOUHTENBHOH 4aCTH CBOEro AO-
Kjajga i MOry JIHilb 3aMeTHTb, YTO OGBIYHO NMOA B3IMAAOM B GyAy-
llee UMEIOT B BHAY He CTOJBKO TOYHBIH IPOrHO3 TeX mMepeMeH, KOTO-
pble OHO TpHHeceT ¢ co60ii, CKOJIBKO MOMNBITKY HapUCOBATH KAapPTHHY
BO3MOXKHOTO .OyAyIIero.

Posb npuHLIMIOB MHBAPHAHTHOCTH (10 KpalHell Mepe B (H3HKe)
ellle He UCYEPNaHa, H MBI NIOKA OYeHb JAJIEKH OT «YHHBEpCaJbHOTO
3aKoHa MNPHPOALI». MBI JajeKH OT Hero, eciH OH JeHCTBUTENbHO
CyLIecTBYeT, H eClH NepedpasupoBath BhicKasbiBanue Ilyankape,
TO COBPEMECHHAfl KapTHHA C €€ YEeTHIPbMSI MM ISThIO PAasHUHBIMH
THIAMH B3aUMOJEHCTBHH C CHJIBHO OTJIHUAIOLIHMHCH CBOHCTBAMHE He
TAKOBa, YTOObI 4eJOBEUCCKHH Pa3yM MOT C YIOBJICTBODEHHEM CO3ep-
naTh ee. DTO [aeT HaM OCHOBAaHHe OXKHAATh, UTO NPUHLHIL HHBA-
PUAHTHOCTH, HaJeJsI0UlAe CTPYKTYPOl 3aKOHH NPHPOAb, M B Gy-
AyLleM TOCAyXKaT HaM MyTeBOAHBIMA HHTAMH H GyAyT CIOCOGCTBO-
BaTh YTOUHEHHIO M OODBEAMHEHHIO HallMX 3HAHWH O HeOAyLlIeBJeH-
HOM MHpe.
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PaccmarpuBasi Bonpoc o TOM, COXPAHHTCH JIH H BIpelb pasJu-
YHe M Pa3oGUIEHHOCTb MeXAy (H3UUeCKHMH W GHOJOrHYeCKHMMH
HayKaMH, B YaCTHOCTH HayKaMH O YeJIOBeYeCKOM pasyMe, Mbl HpH-
XOAUM K MeHee ONTHMHCTHYECKHM 3akJ/louyeHHAM. MHoroe cBuie-
TeJAbCTBYET O TOM, uto 00Jee ryy0oKoe NOHHMaHHe MPOILECCOB Ha-
6/110eHHs H BOCNpUATHA OyJeT NOCTHFHYTO B He CJAHIIKOM Ja/eKOM
GyaymeM. B ckopoM BpeMeHHM HOJKHBI OBITh YCTAHOBJEHBI W Mpe-
JeJbl Hameir cnocO6HOCTH BOCHPHHHMATh OKpyxKamwllee, B artom
JOJKeH COCTOATh pelialolUi ar K JOCTHXKEeHHIo GoJiee II0JIHOTO
3naHuA 06 okpyxatouleM MHpe. Ha myTH K TakoOMy 3HAHHIO Mbl He
JOJIXKHBl paccMaTPHBaTh TOPO3Hb (U3HUeCKHE SIBJEHHS H SIBJEHHS,
CONPOBOKAAIONIHE MBIIICHHE, 3abblBasl IpHU aHaJjH3e OXHUX SIBJIE-
HHH CpelCTBa, HCIOJNb30BaHHbIE npu aHanause japyrux. [losmxen
MPU3NATBCA, UTO Y MeHs HeT HH maJiefilero npeACcTaBJeHHs O CTPYK-
Type 370 GoJee moaHOH HaykH. §I Obl1 Obl yAMBJEH, ecau Obl
B 3TOH CTPyKType O8HapyxXKHJjachb Hepapxus, aHaJordyHas ToH, Ko-
Topas Obla ONHCaHa Bblllle, H ONpelejeHHble MecTa B Hell 3aHH-
Maju HMHBapHAaHTHOCTb W MNPHHUHUNL cuMMeTpuH. HeoGxomumocrthb
B Oojiee CHJbLHOH HHTerpaldu HayKH, [O-BHAHMOMY, Jydlle BCEro
NOATBepAKAAeTCS TeM, YTO GCHOBHbIMH IOHATASIMH HHTYHUHOHHUCT-
CKOH MAaTeMaTHKH cayKaT (usHyeckie OGBEKTBH, uTO OCHOBHBIM
IIOHATHEM B TEOPETEKO-NO3HABATENbHON CTPYKType (H3HKH AB-
JIsleTCsi MOHATHe HAGJIIOAEHHS M YTO NCHXOJIOTHS eile He B COCTOS-
HHH JaTb HaM NOHATHS H HUAeaau3auuH, objJafaouiHe TOH CTeNneHBIO
TOYHOCTH, KoTOpas TpeGyeTcd B MaTeMaTHKe M Jdaxe B ¢usnke. Ta-
KUM 006pa3oM, nepekaajblBaHHe OTBETCTBEHHOCTH ¢ MaTeMaTHKH Ha
¢usuky, ¢ OHU3HKH Ha IICHXOJIOTHIO He HMMeeT KoHua. HenpaBuThb
CTO/Ib IIJ1aueBHOE MOJIOXKEHHe MOXKEeT JHIbL OoJiee TecHOe OObejH-
HEeHHe 3THX, HblHE Pa3pO3HEHHBIX AHCUUILIHH.
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SIBJIEHU S, 3AKOHbI IMPUPOJIbl U NMPUHLIUITbI
MHBAPUAHTHOCTH 1)

B03MOXHOCTb BBICTYNIHTb 31€Cb CErOAHs — AJsl MeHs Oosblias
H HeoxuaaHHas ueécth. Ulecth sieT Hazan B sTom 3ane Jur u Jiu
Haad oOIMA 0030p NPHHIKIIOB HHBAPHAHTHOCTH M, B YaCTHOCTH,
pacckasanyu 06 OTKPBITHH MMM HapylieHus deTHoctu [1, 2]. Bpsaa
JIU HMeeT CMbICJI NMOBTOPATH TO, UTO yxke OBLIIO CKA3aHO HMH 00
HCTOPHH TIPHHIMIIOB HHBAPHAHTHOCTH MJIH O MOEM BKJaje B pa3Bu-
THE 3THX NMPHHIMOOB, 3HaYeHHe KOTOPOTO OHH, pasyMeercd, IpeyBe-
auupiu. Bmecro aToro A xotesq Obl MOAPOGHO OCTAHOBHUTBCH Ha
o61ell pPOJM NPHHIHMIIOB CHMMeTPHH H HHBApHAHTHOCTH B (H3HKe,
KaK COBPEMEHHOH, TaK M Kaaccuueckoidi. TouHee rosopsi, s xores
6bl OGCYAHTb COOTHOLIEHHe MEXAY TpeMs KaTeropHaMH, HIpaio-
IUMH (QYHIaMEHTAJIbHYIO POJb BO BCEX €CTECTBEHHBIX HAayKax: fB-
JeHHsIMH, CJAYXKAILIMMH ChipbeM JJIf BTOPOH KaTEropHH — 32KOHOB
NPUPOALl, 3aKOHAMH IIPHPOJABl H NPHHLUUNAMH cHMMerpuu. Uro xa-
caeTcs MOCJEAHUX, TO 51 CKJIOHEH OTCTAHBAThH Te3HC O TOM, UTO AJIsI
HHMX ChIpbeM CJYKaT 3aKOHBI NPHPOABI.

SABJIEHWS W 3AKOHbI MPUPOLI

YacTo NPUXOAUTCS CAblIATb, OYATO Leab HPUBHKH COCTOUT B 06D-
SICHEHHH OpPHpOAbl HJH 110 KpaiHell Mepe HeXuBOH mpuponbl. Hro
MHl OHHMaeM noJ o0bscHeHHeM? OODbsCHEHHE — 3TO YCTaHOBJEHHE
HECKOJIbKHX NMPOCTLIX IPHHIIUNOB, ONHCHIBAIOUINX CBOHCTBA TOFO, 4TO
noAJexkuT o6GbacHeHHIO. Eciu MBI 4TO-TO NOHAMH, TO NOBEAEHHE
3TOTO <«YTO-TO®», T. €. Te ABJEHHS, KOTOPBE ¢ HHM NPOUCXOASAT, He
JOJXKHO YIUBJSITH Hac KaKHMH-JHO60 HeOXHJAHHOCTSIMH. Bmeuar-
JieHne, YTO HHaue U OLITb He MOXKeT, He JOJIXKHO MOKHAATh HAac.

SIcuo, uTO B 3TOM CMBbIC/e (PU3HKA He NpeTeHAyeT Ha 00bACHEHHE
npupoasl. [leficTBHTENbHO, OrPOMHBIE ycnexH (H3HKH 06yC/IOBJEHb
YeTKMM OrpaHHueHHeM MpeAMeTa ee HcCCAelOBAaHHsA: (H3UKA ITbl-
Taercs OOBACHUTH JHIIb 3aKOHOMEPHOCTH B MOBEAEHUH DasJHUHBIX
o6bekToB. OTKas OT AocTHxkKeHHs 60Jlee UIMPOKOH LeJH M TOUYHOE
onmpefeneHde 00JacTH, s KOTOPDOH MOXKHO HCKaThb OODBACHEHHe,

) Ony6nukosaHo B KHure: «The Nobel Prize Lectures» (Copyright 1964 by
the Nobel Foundation).
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B HacTosllee BpeMs NPeACTaBAAIOTCA HaM COBEPLUEHHO HEOOXOMH-
MbIMH. BoJjee Toro, TouHOe ykasaHHe o6JacTH OOBACHUMOIO MOXKeT
CUHTATbCA BEJNHYANUIAM OTKPBITHeM (DH3HKH. YKa3aTh TOUHYIO jarty
HJIM TOTO, KTO COBEPIIMJI 3TO OTKPHITHe, HeJerko. Eme Kenjep nwl-
Tajcsl HaHTH TOYHble 3aKOHBI, KOTOpble OBIIH Obl AHAJOTHYHBI €ro
3aKOHAM [BHKeHMH TJIaHeT H KOTOPLIM ITOJUHHSNHCH Obl Pa3Meph
maaHeTHeIx opOUT. HbIOTOH yiKe NOHAN, uTO (QH3MKA B TeueHHE
AOATOrO BpeMenu OyJeT 3aHHMaTbes TONBKO OObsCHeHHeM TeX OT-
KpbITbix KenepoMm 3aKOHOMEepHOCTeH, KOTOPble HbiHe Mbl Ha3blBaeM
sakoHamu Kemsepa'!).

3aKOHOMEPHOCTH B SIBJIEHHAX, KOTOpble CTPEMHTCSl OOHADYKHTDL
¢usrka, HA3LIBAIOTCH 3aKOHAMM NPHPOABI, W 3TO Ha3BaHHe OyeHb
BepHo oTpazkaer cylilectso Aeja. ITogo6Ho ToMy Kak IOpHAMYECKHE
3aKOHBl PeryJupyioT ACHCTBHA H NoBeJeHUe JIOJeH NMPH HEKOTOPBIX
3apaHee OTOBOPEHHBIX YC/JOBHSIX, HO He INBITAIOTCSH YCTaHABJAHBATDH
HOPMBI AJst BCeX AeficTBHE 1 JIO6OTO BapHaHTa NOBEAEHHA, 3aKOHb!
(GU3HKY ONpesesIsiioT HOBEJeHHEe PaccMaTpHBAeMbIX €l0 Tesl TOJbKO
NpH BIOJHE ONpeleJeHHBIX YCJIOBHAX H TNMpPEACTaBJASIOT GOJbIIYIO
cBOGOLY BHe 3THX YCJOBHH. DJieMeHTbl IOBeIEHHsS, He ONpefesse-
Mble 3aKOHaMM TPHDPOAD, HA3LIBAIOTCS HAYaJbHBIMU YCAOBUSIMH.
BMmecTe ¢ 3akOHAMHM TPUPOMABI HAayaJbHble YCJOBHS ONpEAesoT Mo-
BeJcHHE HAacTOJbKO, HACKOJAbKO ero BooOIlle MOXHO OIpPeJeTHTh:
M060e Ccy:KeHHe JONYCTHMBIX TDAHHI, IIOBeJEHHS Bcerja MOXKHO
paccMaTpHBaTh KaK HAJOYXKeHHE NOTOJHUTEJbHBIX HAUAJbHBIX YCJI0-
Buil. XOpoIlllo H3BECTHO, YTO [0 BO3HMKHOBEHHS KBAHTOBOH Teopuu
BCe GBLIM yBepeHbi B BO3MOXHOCTH IOJHOTO ONHCAHHsS NOBeIEHHS
nqo6oro ofbekTa: ecTH Obl KJaaccHyeckas TeopHsa Oblia BepHA, TO
3aKOHBI TPUPOJBI BMecTe ¢ HAa4aJbHBIMH YCJIOBHAMH AOJKHBI GBIIH
6Bt OJAHOCTLIO ONPelessTh OBeleHHe 06beKTa.

TepMuH «Haua bHOE YCJIOBHE» Obla onpejeseH Bhle. [TocKOMbKy
3TO ompejle/icHHe HOCHT HECKOJbKO HeOOBIUHBIH XapakTep, Mbl MOfC-
HUM ero cmoplca na npumepe. Ilpeanosoxum, uro Mbl He 3maeMm
ypaBHenust HproToHa 151 ABUXKEHHS 3Be3/L M I1aHeT

w“ 7 l'i~
i

HO CyMe/u HailTH ypaBHEHHe, ONPe/eNsioiee TPEThlo NPOUBOAHYIO
paaHyca-BeKTOpa:

’ ry (v =3, (r;;r,

l'i=02 M; X i (e reg) = 3ry (rig 1) ] ©

5
r”

1) Cw., nanpumep, [3]. Bce Gosbmee H Goabllee NOHHMaHHe OrPaHHYEHHOCTH
obaacti oObscHuMoro, Hauynas ¢ xKouula XIII peka, mMoXHo npociefuTs noytu
B KaXKAO# raBe 3TOH KHHIH.
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910 ypaBHeHHe [ONYCKAeT O0GOGILIeHHe: ecaH CcHAb F; Herpasu-
TALHOHHbIe, TO €r0 MOXKHO 3alHCaTh B BHIE

. M,;r,:=(ri grad) Fi +FL (23)
HauaabHuble YCJA0BHA B 3TOM clIyyae coAepzKaT He TOJbKO Bce r;
. (14 . e

¥ Ij, HO M I;. 3HAUeHUS Ty, F; U I; BMECTe C <ypPaBHEHHeM [ABU¥Ke-
Hus» (2) onpepenaoT Gynyluee nMoBejicHHe Halleil CHCTeMbl Tak Xe,

KaK ero omnpeje/i/ln 3HAUeHHs ; U T; U ypasuenue (1). YTBepxkie-
HHe O TOM, YTO NOBeJeHHe MOJHOCTbIO ONpefensieTcss HauyadbHbIMU
YCJIOBHAMH M 3aKOHAMH HPHPOJbI, OAHHAKOBO BepHO A5 J110GOf
NPUYNUHHOH TEOPUH.

ViMeHHO B veTKOM pasjiefieHHH 3aKOHOB NPHPOAbLl H HAUAJbHBIX
YCJOBHI H COCTOHT YAWBUTEJBHOE OTKPBITHE HBIOTOHOBCKOTO BEKa.
ITepBbie 06/121a10T HEMBICTHMOH TOUHOCTBIO, O BTOPHIX NpaKTHUECKH
HUUEro HeusBecTHO. Baymaemcs B cMmblen ckasannoro. [leiicTBu-
TEJBHO JIX TO, YTO Mbl HasblBaeM HauaJbLHLIMH YCJIOBHSAMH, He IO[-
YHHAETCS HUKAKHM 3dKOHOMEPHOCTSM?

[Tocnentee yrBepik/ieHHe 3aBeAOMO HeBepHO, eCH B KauecTBe

3aKOHOB IIPHPOJbl NIPHHSATL ypaBHeHust (2) u (2a), T. e. cunraTh r;
YaCTbI0 HAYaJbHLIX YCJIOBHH. B 3TOM ciyuae sseMeHTH HauadbHBIX
VCJIOBHE YIOBJIETBOPSIH Obl HEKOTOPOMY COOTHOLIEHHIO, 4 HMEHHO
ypasuennto (1). CienosartenbHo, BOIpoc 0 He3aBHCHMOCTH HAYaJb-
HBIX YCJOBHH JOJKEH CTaBHTbCS TaK: CYLIECTBYIOT JH KaKHe-HH-
Oylb COOTHOLIEHHS MEXKIY BeJHYHHAMH, KOTOPHle Mbl CUHTAeM Ha-
yanbHbiMU yeoBusiMu? Tor ke Bompoc MoxHO cdopMmysHpoBaTh
GoJiee KOHCTPYKTHBHO: KaK yJIOCTOBEPHUTLCH B TOM, UTO BCE 3aKOHBI
NPUPOAEL, MMeIOLiNe OTHOWEHHE K ONpeeJeHHOMY KPYTy SBJCHHH,
yxe u3BecTHbl? He 3Hast BceX «NPHYACTHBIX» K MHTEPECYIOUIHM HAC
AIBJICHHSAM 3aKOHOB HPHUPOMbI, Mbl AOJKHBEI ObIIH Gbl 3aKaBATL M3-
JIMIIHE MHOTO HavyaJbHbIX YCJAOBHH JJISI OAHO3HAUHOTO OMHCAHMS MO-
BeJleHHs! U3y4aeMOoro HaMu o6bekTa. OZMH U3 CIOCO60B yBemHTbCs
B IOJIHOTE HalIMX 3HAHHA 3aKOHOB IPUPOALI COCTOHT B TOM, UTOGHI
J0Ka3aTh BO3MOXKHOCTb INPOH3BOJbLHOrO BBEIGOpA BCeX HAYaJdbHBIX
YCJIOBHIH, OAHAKO B OOJACTH OueHb OOJBIIHX HJH OYeHb MaJIbiX
MacwTaboB TaKOH MOAXON HeNpHUMeHHM (MBI He B COCTOSIHHH H3Me-
HUTb OPOHTHI IJIAHET MM HPOCJAEAHTb BO BCEX MOAPOBHOCTAX MOBe-
JleHue aTOMHbIX YacTHI). Sl He 3HAlO JPYruUX KPHTEPHEB, KOTOpbIE
Obin Gbl CTOJIb K€ OAHO3HAUHLI, HO NPaBH/IbHO BHIGPAHHBI, T. e.
MUHHMAJIbHBIH, HA00p HAUaNbHLIX yCIOBUH 06JafaeT OJHUM XapakK-
TEPHBIM CBOHCTBOM, O KOTOPOM HeJlb3st He yIOMSHYTb.
MuHHMa/TbHBIH HAa60D HAYANbHBIX YCJIOBHHA He TOJABKO He AOMY-
CKaeT HUKAKHX TOUHBIX COOTHOLIEHMH MeXIy CBOMUMH 3JeMeHTaMH,
HaoG0POT, MMERIOTCS OCHOBAHHSA NOJIATATh, YTO 3JeMEHTH MHHHMAJL-
Horo Habopa ClyyaHHBl MIM HeKorga ObIM CJAyYafiHbIMH B TOM
Mepe, B KaKOH 3TO MOMYCKAIOT HaJlOXKeHHBle M3BHe cBsizH. CBOIO
MBIC/Ib I XOUY CHAYa/a NOACHHUTL HA NMpUMepe, KOTOPBI Ha MepBblii
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B3rvIf[ KaXercs [POTHBOPeYalllUM BBIABHHYTOMY MHOH TE3HCY, HO
B AeACTBUTEJNbHOCTH Jyulle BCero AeMOHCTPHPYET KaK CHUJIbHLIE, TaK
H cjabble CTOPOHBI MO0 YTBEPKIEHHS.

PaccMOTpHM cHOBa Hauly IJIAHETHYIO CHCTEMY. Paree yHxKe yIo-
MHHAJOCh, 4TO NpUOAHKeHHble COOTHOWEHHsI MeXAy HayalbHBIMH
VCJOBHSAMH, T. €. MeXKAy pa3mepaMu opOUT, HaBesn Kensepa Ha He-
KOTOpble HIeH, oT KoTophix HbloTon BnocseacTsum orkasascs. Ha
HepBbI# B3IJIsAJ KAzKeTcs, YTO 3TH COOTHOIIEHHS CJay:KaT KOHTPHpH-
MepOM, ONpPOBepraioliuM Te3HC O MUHMMAaNbHOCTH Habopa Hauadb-
HbIX AanHbIX. O HAKO CyIleCTBOBaHHE COOTHOLIEHHH MeKLy HadaJjb-
HBIMH YCJIOBHAMH HaC He YCTpauBaeT, NO3TOMY BO3HHKAaeT HACTOf-
TeqibHAS HeOGXOAHMOCTL [AOKa3aTb, 4TO 3TH COOTHOLIEHHST MNpel-
CTaBaAT co00f He OoJee uYeM CJAeACTBHA HEKOH CHTyauwuy,
B KOTOpOfl HayajbHBle YCAOBUA He OblAu CBA3AHBI HUKAKHMHU COOT-
HowenussMu. CaMyi0 HHTEPeCHYI0 MHONBITKY B 3TOM HaNpaBJeHHH
npeanpuHsi, no-suaumoMy, Befinmsekkep [4]!). On wucxomua wus
(IPEATIONOKEHHUS O TOM, 4TO IIepBOHAYAJBHO COJIHEUHAs CHCTeMa CO-
cTOslIa M3 IUEHTPAJbHON 3Be3/bl, OKPYXKeHHON BpaulamiiuMmcs ra-
30BBIM o6sakoM (B OCTaJbHOM JABHKeHHe rasa INpelnojarajoch
npou3BoabHbIM). HMcxoms H3 370l runoTesn!, Befinsekkep BbiBea
yIIOMHHAaBLIeeCs] BBIILIE COOTHOLIEHHe MeXAY PajuycaMy IJIaHEeTHBIX
op6GHUT, H3BeCTHOe HblHe KakK 3akoH bopne. Ilpeanpunumanuce u 6o-
Jlee 0o6IiMe MONMBITKH BLIBECTH 4HAJOTHUHBIM 00pa30M BCe «OpraHi-
30BaHHOe JBHXKeHHe» H [a’Ke CYLECTBOBaHHe XXM3HH. JIHLIb HeMHO-
rHe ¥3 HuX Oblix NpoBefieHH NOAPOOHO 2), HO yXe caMbii daxr,
YTO TaKHe HONBITKH NPeANPHHHUMAJIHCh, HMeeT GOJbLIOE 3HayeHHe.

B ToAbKO 4TO paccMOTpeHHBIX CJyuasx HMeJOoChb, Mo KpaliHeil
Mepe Kaxylleecs, IPOTHBOPEYHE CO CTOXACTHYECKOH NPHPOAOH He-
KOHTPOJNUPYEMBIX HadasbHLIX ycaoBuil. [lesgajuch NONBITKH 110Ka-
3aTh, UTO «OPraHH30BaHHLIM» (TOUHee, KaXKYLIHMCS «OpPraHH30BaH-
HBIM») HAYaJbHBLIM YCJAOBHAM MNpeALIeCTBOBAJIO COCTOSIHHE, B KOTO-
pOM HEKOHTPOJHpYeMbie HauaJbHble YCAOBHA ObiIM clAydaifiHblMH.
B uenoM TakHe CHTyalHH UpPeACTABJAAT CcO60H He MNpaBuUJo,
a HCKaioyeHHe. B GosbIIMHCTBE CiyuyaeB y HAC HeT NPUUYMH COMHe-
BATbCS B CJAyYaHHOM XapakTepe HEKOHTPOJHPYEMBIX HavajbHBIX
YCJAOBHH, T. €. TAKHX YCJIOBHH, KOTOPble Mbl He MOXKEM H3MEHSThb NOo
cBoeMy ycMorpenuto. CiayyadHbIH XapakTep 3THX HadaJbHBIX yCJo-
BHH IOATBEPIKAAETCSA: NPABHIBHOCTBIO TeX 3aK/MIOUeHHH, K KOTOPbIM
Mbl TUPHXOLHM, HCXOASl W3 NPEANOoJJOXKeHHS 06 HX CTOXACTHYHOCTH.
C TakMMH CHTyaUHAMH Mbl BCTpeuaeMcs B KHHETHYEeCKOH TeopuH
rasoB H BooOlie BCIOAY, T[le NPOLECCH CONPOBOXKAAIOTCA BO3pacTa-

1) Cm. rakxe [5].

?) VHTepecHbiM H XOPOWIO MOHATHHIM NMPHMEPOM MOTYT CIYXKHTh «(OKYCHpYio-
uHe COYNapeHHs», B Pe3ysbTaTe KOTOPHIX HEATDOHbI, 0GJajamune GOJbUIMME, HO
cayuaiiHO OPHEHTHPOBAHHLIMM CKOPOCTSIMH, NpPeBPAAOTCA B HeHTPOHLI, CKOpOCTH
KOTOPBIX MaJjibl, HO HMeEloT NpeAnouTHTeabHOe Hanpasaenue. Cu. [6, 7).
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HueM 3HTponuy. Co3faercs BHedaTNeHHe, YTO 3aKOHBI NPHPOALL CJy-
JKAT KOHUEHTPUPOBAHHBIM BbIPpAMKEHHEM MPOCTOr0 W H3SIIHOTO Iio-
pfilKa, B TO BpeMfd KAaK HavaJbHble YCJIOBHSl (€C/HH TOJbKO OHYU
HEKOHTPOJIUPYEMBI) BBIPAXKAIOT CTOJb Ke NPOCTYIO M H3ALIHYIO He-
peryasiproctb. MasoBeposiTHO TOITOMY, UTO KAaKOH-HHOYAb W3 3a-
KOHOB NPHPOJBI OCTAETCH ellle HE 3aMEUEHHBIM.,

[Ipenpiaylliee paccMOTPeHHe XapaKTepH3yeT 3aKOHbl NPHUPOALI
KaK TO peryJspHOe, IpaBUJbHOE, YTO UMeeTcs B NOBeJeHHH 00bekTa.
B KkBaHTOBOH TeOpWUHM Takas TOUKA 3DEHHs] eCTECTBEHHA: 3aKOHHI
KBAHTOBOH MEXaHHKH JONYCKAOT AaJeKBaTHYI (OPMYJHPOBKY
B TepMHHAX KOppeNsluii MeXAy TIocAefoBaTeJbHbIMH HaGawe-
HUAMH HaZ OGBEKTOM. DTH KOPDPeNALHH H ABJAIOTCA TEMH 3aKOHO-
MEPHOCTSIMH, KOTODBIe ONpEele/]sIOTCA 3aKOHAaMHM KBAHTOBOH MeXxa-
HUKH '), YTBepKJACHHS K/IACCHUeCKOH TeODHH, ee ypaBHEHMS [BH-
JKeHusl, OObIYHO He paccMaTpPHBAIOTCA KaK KOppelsiluH MeXAy
wabaiogenusamMu. TeM He MeHee WX Ha3HaueHHe W QYHKUUS COCTOAT
B 3aJaHUH TaKUX KOpPPeNsAlHd, ¥ B CYLIHOCTU OHHU TNPeICTaBASIOT
co6Goil He UTO MHOE, KaK KpaTKoe BhIparkeHHe TAaKUX Koppeasauui.

3AKOHbBI TMPHPOABI 1 MHBAPHAHTHOCTD

Mbl nmepecranu KAaTh 0T GH3UKH OODACHEHMs BCeX SIBJIEHHH,
OTHOCSIIMXCA Aaxe K TpyGol cTpykType BceseHHOH, H XOTHM JHLIb
OTKDPBITb 32KOHBI IPHPOAB], T. €. HOPAJOK, KOTOPOMY NOIYHHSAIOTCS
asjaennsd. CkasaHHOe B NpeAbIAYIIEM pasjese MO3BOJMSeT HaJesaThCs,
YTO HHTEpeCyollHe HaC 3aKOHOMEPHOCTH 06pa3yloT MHOKECTBO, A0-
nyckaiolliee 4eTkoe OlpeleseHHe, XOPOWO OTJIHYHMOe OT TOrG, 4TO
Mbl Ha3blBaeM HAauyaJbHbBIMH YCJAOBHAMH ¥ UTO 00J1ajaeT CHJbHBIM
3/JeMEHTOM C/NyuafHOro, ONHAKO MBI ellle OUeHb JaJieKH OT OKOHYa-
TEJbHOTO YCTAHOBJIEHHSI MHOXKECTBA 3aKOHOB NIpHpoiu. Boaee Toro,
€CJIH BepHO, YTO 3aKOHLI MPHPOIB BLIPAXKAIOT TOYHHI NMOPSLOK, TO
€CTh BCe OCHOBAHUA NOJaraTh, UTO HAM HM3BeCTHA JIHUIb GeCKOHeuHO
MaJasd 4acTb TOTO MHOXKecTBa. JIYUNIHM TMOATBEp:KAeHHEM MOXKeT,
MO-BHAMMOMY, CAYXKHTb (QakT, yXKe yNOMHHABLIKHACS 3[eCh IIECTb
ner Hasaj SlHrom: pasHooGpasue THUIIOB B3aHMoJelicTBuii. SIHr Ha-
3BaJ yeTblpe M3 HUX: TPaBUTaUHOHHOeE, cialoe, 3JeKTPOMATHHTHOE
u cuaeHoe. CerojHst HaMm KaxeTcs, YTO CYLIECTBYIOT J1BA THMA CHIlb-
HbIX B3auMolelcTuii. Bce HasBanHble B3aHMOJEHCTBUS HWIPAIOT
poJib BO BCAKOM Ipolecce, HO TPYAHO, a ObITb MOXeT, U HeBO3-
MOXKHO IOBEPUTb B TO, YTO 3AKOHBI TPUPONBl JOJKHH 06Jafath
TOH CTeNeHbI CJHOKHOCTH, KOTOpPAs CAeAYeT H3 CYIHecTBOBAHHS ue-
THIDEX MJH MNATH PAa3/iMYHbIX . THNOB B3aHMOJAEHCTBHH (HHKaKoOM
CBS3H HJIW aHAJOTHH MeXJy HHMH IIOKa He OTKpHTO),

1y Cwm., nanpuMep, B cTathe [8] pasgen «Uro Takoe BEKTOp COCTOAHMAP?» 31a
CTarbsi BK/KUEHA B JaHHYIO KHETY (cTp. 141),
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EctecTBeHHO N03TOMY HCKaThb HOKHH CBepPXNPHHLHI, KOTO-
pLlfi OTHOCHTCA K 3aKOHaAM MNpPHPOIAB TaK 2Ke, KaK 3aKOHbl NpH-
POLH — K ABJEeHHAM. 3aKOHBI NIPHPOIBI MO3BOJAIOT HAM [IPEABUIETh
OJHU fIBJIGHHS Ha OCHOBE TOFO, YTO Mbl 3HaeM O APYTUX SIBJIEHHAX.
[Tpunuunsl HHBAPHAHTHOCTH MAOJIXKHBI MO3BOJATH HAM YCTAHABJIH-
BaThb HOBble KOPpeJAUHM MeXAy SMBJICHHAMH HA OCHOBAaHHH YXKe
YCTAaHOBJEHHBIX KOppessiuMii Mexay aBieHusMu. MMeHno 310 onu
1 genaior. Ecan ycranosdeno, yto cobuitusi A, B, C, ... BiexyT 3a
cobofi cobuite X, to cobeitisi A, B/, C’, ... ¢ HeoOXOLHMOCTHIO
BJeKyT 3a coGofi cobuiTve X’ npu ycaosun, uto A’, B, C/, ... un X’
noayyatores u3 A, B, C, ... u X npu JeficTBuH 0JZHOTO H3 npeolpa-
30BaHHIl cHMMeTpHH (HHBapuanTHoctH). CyllecTByer Tpu Kartero-
puM Takux npeo6pa3soBaHUN CHMMETPHHU:

a. Esxaudoso npeobpasosanus. fsnenus A’, B, €', ... u X’
IPOUCXOAAT B Pas3JHUHBIX TOYKaX MPOCTPAHCTBA, HO HAXOASTCA
B TOM Ke OTHOLIEHHH ApPYr K JApyry, uto u cobeitus A, B, C, ...
n X

6. Cosueu so epemenu. Cobmrus A’, B, C’, ... u X’ npoucxo-
OAT B pAsJHuYHOE BpeMs, HO OTHAeJeHb APYT OT Apyra TaKUMH Ke
MHTEpBaJaMH BpeMeHH, Kak cobbitust A, B, Cy... u X.

B. Pasromeproe npamosunetdnoe Osuscerue. B cucreme Koop-
IuHaT, ABUKYUlelicA paBHOMEPHO U NpAMOJUHedHo, coluitus A’
B, C’, ... u X’ IpOUCXOAAT TaK ¥XKe, Kak u cobwmtua A, B, C, ...
n X.

TlepBrie 1Be KaTeropuy fPUHLUUNOB HHBAPHAHTHOCTH BCETAa
CUMTAIOTCH TBEPAO YCTaHOBJNEHHbIMH. JleficTBUTENbHO, HETPYAHO MO~
Ka3aTb, UTO 3aKOHHl NPHPOILI Heab3f OblI0 OBl 1M03HATH, ecaH Obl
OHH He VJOBJETBODPSIH HEKOTOPBHIM 3JleMeHTADHBIM NpHHLUNAM HH-
BapHaHTHOCTH, OTHOCSIIMMCA K KaTeropHsaM «a» H «O». (r. e. ecan
Obl 3aKOHBI NPHPOJABI MEHSJIHCh OT TOYKHM K TOUKe HJIH OblIH pas-
JIMYHBIMH B pasHble MOMeHTHl BpeMeHH). IIpHHIHI HHBapuaHTHOC-
TH, OTHOCSIIIMICA K KaTeropHH «B», HE CTOJb €CTEeCTBEH, M ero He-
pelIKo MoJABepraju COMHEHHIO. IMEHHO B BOCCTAHOBJEHHH AOBEPHS
K 9TOMY NPHHUHNY H B ero OOOCHOBAHHH COCTOMT BeJHualiiliee 10-
CTHxKeHHe HIUTEeHHOBCKOH CIEeLHAIbHON TeOPHU OTHOCHTENBHOCTH.
[To3guee MBI PacCMOTPHM 3TOT BOMNPOC NOApOOHee, HO cHAayaja [o-
Je3H0 CHEJNATH HECKOJNbKO OOLUX 3aMeyanuil.

[TepBoe 3ameuaTenbHOe CBOHCTBO, MpHCYliee HepeuHCAEHHbIM
Bhillle TPUHUUIAM HHBADHAHTHOCTH, COCTOHT B TOM, 4YTO BCE OHH
reOMETPHUYECKHE, N0 KpaliHeil Mepe eCjH NOA OCHOBHBIM TFEOMETPH-
YyeCcKUM NPOCTPAHCTBOM ITOHHMATh UYEThIpEXMepHOE INPOCTPAHCTBO-
BpeMs. 3TO 03HAUaeT, UTO COOTBETCTBYIOUIMEe NpeoOpa30BaHHS CHM-
MeTpHH H3MEHSIOT He COOLITHSA, a JHIIb HX NOJOXKEHHE B IIPOCTpau-
CTBE W BpeMEeHH W HX COCTOSHHe IBH:KeHHs. HeTpyaHO NpeacraBHTh
MPHHIHI, COTIACHO KOTOPOMY, HalpHMep, IPOTOHBI 3aMeHSAWTCA
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3JIEKTPOHAMH H, Hao60pOT, CKOPOCTH — KOOPAMHATaMH H T. A.1').

Bropoe 3aMeuare/bHOE CBOHCTBO MNEpPEYHCAEHHBIX HAMH NpPUH-
IIMIIOB COCTOHT B TOM, YTO OHH fIBJAIOTCA CKOpee NpPHHIHUNAMH HH-
BapHAHTHOCTH, HeXeJW NPHUHIHUIAMH KOBAPDHAHTHOCTH. DTO O3HA-
YaeT, UTO OHH MOCTYJHUPYIOT OJHHAKOBBIE 3aKJIOUEHHS KaK JJist
«HITPHXOBAHHBIX®, TAK H IJ5 «HEUITPUXOBAHHLIX® MOCHLIOK. BmoJ-
He MBICJIMMA Takasl CHTyalus, KoTfa fpoTekaHHe HEKOTOPHIX COOBI-

tuit A, B, C, ... obycaoBauBaer nporekauve coGuituit X;, Xo, X3. ..

C onpejeqeHbIMH BeDOSITHOCTAMHU Py, P2, Ps, ... . IIpoTekanue cobbi-
o ! 14 ’ v 1]

tuit A’, B/, C’, ... (noJyueHHBIX W3 HCXOAHBIX cobwituit A4, B, C, ...

npd npeobpa3zoBaHUAX CHMMETpPHH) M0240 Obl; BOOGILlE rOBOPS, HU3-
MEHATb BepPOSITHOCTH MPOTEKAHHA <«IMpeoOpasOoBaHHLIX® CJeJCTBHI

X1, Xs, X;';, ..., Hampumep, cjaelyomuM obGpasoM:
pi=pi (1 —pi+ 2 pa),
pi=ns(1 = pa+ 2 Pa),

L L S T Y

OJHAKO B JIEMICTBUTEJNbHOCTH 3TOTO He NPOUCXOJNT, MOCKOJLKY Bee-
rga BBIOJIHSIETCS] PABEHCTBO P = p,.

U1 mepBoe M BTOpOe CBOHCTBA NPHUHUHIIOB CHMMETPHH 3aC/]yKH-
BaiT 0co00F0 YNOMHHAHHA, [OTOMY 4YTO CYHIECTBYIOT MPUHIIMIIHI
CUMMeTpHH — TaK Ha3plBaeMas KDPOCC-CHMMETDHS, WM COOTHOUIe-
HHS B KPOCC-KaHAJaXx 2), — KOTOpble, MO-8UOUMOMY, HOCAT TOUYHBIH
Xapakrep M SIBHO He 3aBHCAT OT KOHKDETHBIX THMOB B3aHMOJEH-
cTBUil. B 3TOM OTHOLIEHHH KPOCC-CHMMETPHS JO HEKOTOPOH CTereHH
HANOMHHAET reoMeTpHUecKyue NMPHUHUMIIBL MHBapuantHocTd. B 1o XKe
BpeMs MexJIy KpOCC-CHMMeTpHeH H TeoMeTpHYecKOH HHBapHaHT-
HOCTBIO CYILIECTBYIOT Das/MuHA: NpeoOpasoBaHHS KPOCC-CHMMETPHH
M3MeHSI0T COObITHA, H ona B OoJ/bliedl Mepe OTHOCHTCS K NPHHLH-
naM KOBapUaHTHOCTH, 4YeM WHBapHaHTHOCTH. Tak, 3Has ceyeHue
paccesiHMsl NPOTOHA Ha HeHTpPOHe, MBI C NOMOIIBIO COOTHOLUEHHIT
B KpoCc-KaHajqaX MOXeM BLIUHCJAHTH CeueHHe PaccesHHsl aHTHIPO-
TOHa Ha HeliTpoHe. fIcHO, uTO mepBoe siBJeHHe OTJHMYaercs OT BTO-
poro, u ceueHue paccesiHusl AHTHIPOTOHA Ha HENTPOHe He COBIA-
JlaeT ¢ ceueHueM paccesHus NpOTOHA Ha HeHTPOHe, HO NOJYYaeTcsl U3
MOC/IeAHEr0 B pe3ysbTare BeCbMa CJOXKHBIX MaTeMaTHUeCKHUX BbIKJa-
nok. Takum 00pasoM, COOTHOIIEHHs B KpOcc-KaHajax, XOTd OHH H
He 3aBHCSIT OT KOHKDPETHOTO THUMA B3aHMOAECHCTBHA, He CJELyeT

1) B0SMOXHOCTb HPHHLHMIA HHBAPHAHTHOCTH, COIVIACHO KOTOPOMY CKODOCTH
MOXKHO 3aMelsiTb KOOpAHHATaMH M HaoGopor, u3yuaa Bopu [9—11]

2) Kpocc-cummeTpHss Gbisia yCTaHOBJIeHa B paborax [oabaGeprepa [12], Teaa-
Manna u TonbaGeprepa [13]. Bosee noapoGryio GuGanorpaduio MOXKHO HalTH B
xuure [14]. Cpasp Mexay pasiuuHBIMH THRAMH DPHHIHMIOB CHMMETDHH Oblia pac .
CcMOTpeHa B ABYX HELaBHO OnyGJHKOBaHHBIX CTaThsix aBTopa [15, 16]. ([leppas u3
cTaTeli npuBeieHa B 3TOH KuMre, cm. crp. 241.) Cm. rakxe [17].
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OTHOCHTh K UYHCJY T€OMETPHYECKHX NPHHLUHMIOB HHBAPHAHTHOCTH, H
Mbl He OyjleM paccMaTpuBaTh UX 3/eck. TOuHO Tak Ke Hac He Oy-
IyT HHTepecoBaTh AMHAMHuecKHe INPHHLHIL CHMMETPHH, OTpaxKaio-
IHe CHMMETPHIO OTHe/bHBIX THIIOB B3aHMOAEHCTBHII H He JoIycKalo-
mue GOPMYIHPOBKY B TEPMHHAxX siBjieHHB (cM. pabotel [15—17]).

Uro Ke Kacaercss TeOMETPUUYECKHX [PUHLUNOB, To Caedyer 3a-
MeTHTb, ITO OHH 3aBHCAT OT TOrO, KaK NPOXOANT FPAHHLA MeXKAY
HauaJbHBIMH YCJAOBHSIMH M 3aKOHAMH nphpoinl. Tak, 3aKoH MNpH-
pojbl, BhIpaxaeMblil ypaBHeHueM (2) wau (2a), nosyuyaercd u3 3a-
koua Heiorona auddepennnpoBanueM no BpeMeHH: OH HHBapHaH-
TeH OTHOCHTEJIbHO TEepexoja K IIPOU3BOJBHON CUCTeMe KOOpAHHAT,
ABHAKYIIEHCA ¢ MOCTOAHHBIM YCKOPEHHEM:

r,=r,+ta, =4, (3)

rie a-—IPOH3BOJbHBIH BeKTOp. SIcHO, uUTO Takoil AONMOJNHHTE/bHBIN
DPHHLHI He MOXKET NPHBOJHTL K PU3HUECKHM CJIEJCTBHSIM, MTOCKOJIL-

Ky eC/iH HavyaAbHBIE YCAOBHA Ty, F;, I; peasnsyeMei [T. e. YJOBJETBO-
PAIOT ypaBHEHHIO (1], 1o npeo6pasoBaHHbIe HavajlbHble YCJOBHS
ri=r; ri=r; ri=r;+2a He MOTYT GblTb Peaslu3yeMbIMHU.
PaccMoTpentbie HAMH NPUHUKIE CHMMETpPUY NPEACTABJAIOT CO-
6ofi He Y4TO HHOe, KaK IPUHIWILI CHMMETPHH HBIOTOHOBCKOH Mexa-
HHKH H CIELHAJbHON TEOPHH OTHOCHTENbHOCTH. C NMOJHBIM OCHOBA-
HUEeM MOXKHO 3ajJaTb BONPOC: TOUEMY HHUUYero He ObWIO CKa3aHo
o ropasjfo Gosee OOIHX MPUHIUNAX MHBAPHAHTHOCTH oGulefi Teo-
PHH OTHOCHTE/IBHOCTH, TaKKe HOCAUIMX Ha NepPBLIA B3LJISA reoMer-
puueckuil xdpakrtep? Ilpuumna, no Koropoli s yMosyan o mocJjen-
HUX [PHHIMIAX, 3aKJ/JAOUaerca B TOM, 4TO fl, pa3fenaas B3LJIAJL!
®oxkal), He cuMrTal npeoOpPasoBaHUs] KPHUBOJAMHeHHDLIX KOOPAMHAT
obuleli TEOPHH OTHOCHTEJBHOCTH IpeoOpa30oBaHHAMH CHMMeTpHH
B TOM CMBbIC/Je, KaK 3TO MoHuMaJoch Bhilie. [Ipeo6paszoBanust 06-
wiefl TeOpUU OTHOCHTENBHOCTH NPHHALMeRKAT K YUCAY TaK HasblBae-
MBIX aKTHBHBIX NpeoOpasoBanuii, saMensouiux cobutus A, B, C,.
cobuituamu A’, B’, C’, ... . Jlo Tex mop noka aKTHBHble npeoépa-
30BAHUA CYHTAIOTCS JONYCTHMBIMH, HH O KAaKOH HHBAapHaHTHOCTH,
uMetoliel GU3HUECKHH CMBIC], He MOXKeT ObiTh U peud. TeMm He Me-
Hee, OTPAHHYMB CBOM HeHCTBHA JIMIUb 3aMeHOH OJHON CHCTEMBl KpH-
BOJIHHEHHBIX KOOPAHMHAT APYTOH, MBI MPHIEM K «HOBOMY OITHCAHHIO»
B cMbicsie MenBuna [20]. Takas saMena He H3MensieT cOObITHH H He
onpesesser Kakoi-1u60 CTPYKTypsl B 3akoHax npupoanl. CkasaH-
HOe BOBCe He o3HauaeT, OyATO TpeobpasoBanus oOLLel TEOPHH OT-
HOCHTE/IbHOCTH He fBJAIOTCA M0Je3HBIMH CpeACcTBaMH OThICKaHHUSA
HpaBH/IbHBIX 3aKOHOB IpaBHTAllUH — SICHO, 4TO OHH MOJIe3HbI.

1) Cu. [18]. CoMHeHHst OTHOCHMTEbHO MeOMETPHUECKOro XapakKrepa NOCTYyJaTa
06 HHBAapDHAHTHOCTH OTHOCHTEJIbHO OOLIMX mpeolpa3oBaHHil KOOPAHHAT OblH paHee
Takxe Bbickazaubl Kpeumanom [19].
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Opuaxko, Kak s yxKe ropopua [15—17], npuHUMN, KOTOPHIH OHH IO-
3BOJIAIOT cHOpMyaUpPOBaTh, OTJIHYAETCA OT PACCMOTPEHHBIX B 3TOH
JIEKIIHH TeOMeTPHUYEeCKHX NPHHLHIIOB HHBADHAHTHOCTH H TNpHHAaAJE-
JKHT K UHCJY THHAMHYECKHX NPHHIIHIIOB.

HCIOJIb30BAHUE TMPUHUMIIOB MHBAPHMAHTHOCTH,
TIPUBJIM)KEHHBIE MHBAPUAHTHOCTH

B aByx mnpenniayulux pasfesax Mbl HEOJHOKPATHO MOAYEPKH-
‘BaJd BHYTPEHHWIl CMBICA NPHHLUHIOB HHBAPUAHTHOCTH, MpejiCTaB-
JISIIOUHX COGOM CTPOTHE KOPpedAlUH KOppPeaAlHH MexXay COOHTHS-
MH, CYLIECTBOBAHHE KOTOPBHIX MOCTYJHPOBAHO 3aKOHAMU MPHUPOIHI
¥Y3Ke OHO 3TO YKa3biBaeT Ha, HECOMHEHHO, Haubo/ee BaXKHOe B Ha-
cTosiee BpeMs HCIOJMb30BaHHEe HMelollelcss B HalleM pacropsxe-
HHHM CHCTEMBbl NPUHHHUIIOB HHBAPHAHTHOCTH: OHH MTPAIOT POJb 11P0D-
HOTO KaMH{ IpPH NpPOBepKe NPaBHJABHOCTH IPEANOgaraeMoro 3aKoHa
OpupoAbl. 3aKOH MNPHUPOJBl CUMTAETCs] NPABHJBLHBIM JHUIb APH YC-
JIOBHM, €CJIH TMOCTYJIHPyeMble UM KOppeJsllUH -COTJIACYIOTCH ¢ NPH-
HATBIMH NPUHIHIAMH HHBAPHAHTHOCTH.

Kcratn ckaszath, ocHOBomoJaraiomias crates Jitnmreiina [21],
B KOTOPOH OH NMPHUXOAUT K (GOpMYJUDPOBKe CIENHAJIbHOH TEOPUH OT-
HOCUTENbHOCTH, MOXKeT CJYXHUTb SIPKHM MOATBepKAeHHEM BBICKA-
3aHHOTO TOJILKO UTO MHeHHA. B 3Toil craTtbe DiiHwTeiin obpamiaer
BHUMAaHHE Ha TO, UTO KOPPEIALUH MeXJy COOBITUSMH OAMHAKOBBI
BO BCeX cCHcTeMaX KOOpDAHMHAT, ABHIKYIHHXCS OTHOCHTEJNBHO JAPYT
Ipyra paBHOMepHO H NpPSIMOJIHMHEHHO, XOTS B TO BpeMs NPUYHHDL,
KOTOpPBIM MPUNHCHIBAJIUCH 3TH KOPpeJsIHNH, CUHTANNCh 3aBHCSIHMU
OT COCTOSIHHSl JBMIKEHHS KOODAMHATHOH CHCTeMBbl. DHUHIUTEHH upes-
BbHIYafiHO IIHPOKO HKCNOJNb30BaJ NPHHIMNB HHBapHAHTHOCTH [pH
yraAniBaHUU MNpPaBUAbLHOR (OPMB 3aKOHA NPUPOJALI — B AAHHOM
cIyuae 3aKOHA TArOTeHUd, — IOCTYJUPYS,, UTO 3TOT 3aKOH He
JIOJI3KeH [POTHBOPEUUTb BBENEHHLIM HM NPHHIUNAM HHBApHAHTHOC-
ti!). Cronp e 3aMeyaresqbHbIM NPHUMEPOM B HAIIM JHH MOXKET
CJYKUTh HCHOJb30BaHHe NPUHIMIOB MHBAPHAHTHOCTH B KBAHTOBOMH
3JleKTPOJHHaMUKe. D1a objaacTh (QH3HKH He SIBJAseTCA II0C/Ael0Ba-
TenbHOfl Teopueil. CTporo roBopf, ee BOOOlEe HeAb3s HA3BATh TEO-
puell B NOMJIMHHOM CMBICJIe 3TOTO CJIOBA, NOCKOJBKY €€ ypaBHeHHs
npoérusopeuar Apyr apyry. Tem He MeHee 5TH NPOTHBOpEUHS YIaeT-
¢l AOCTAaTOYHO Pa3yMHO paspeliuTh, NPHHAB MOCTYJaT O TOM, YTO
C/JIe/ICTBHS, BBITEKAIOLHe U3 KBAHTOBOH 3JEKTPOAHHAMHUKHU,. JOMKHBI
COrIacOBBIBATBCS ¢ TPeGOBAHUAMU TEOPHH OTHOCHTeNBHOCTH 2). Hpy-
rOofl NOAXo[, eiie GoJsiee (pyHIaMeHTaJbHBIH, NBITAeTCS AKCHOMATH-
3MpOBaTh KBAaHTOBBie TEOPUH MoJA. KpaeyrosibHbIM KaMHEM Bcefl

1) Cm. [22—24]. Ananoruunsie pesysbTaThl NOUTH OJHOBDPEMEHHO C ShHIITER-

poM nosyunn TuasGepr [25] . . 3
2) Cm. [26, 27]. B noclepseit KHHre MOXHO HafTH Aa/bHeillline CCBITKH.
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aKCHOMATHKH CJAYy’KAaT NPHHIUNL cuMMerpuu'). Mue He XoTenoch
6bl Oosbiie 3afepIKUBATBCA HA ITOM BOHPOCE, MOCKOJBKY €ro yiKe
ofcyxans MOCTAaTOYHO 4ACTO U KpacHopeuuBo. KpoMme Toro, Heko-
TOpbie €ro acmekThl ObIIM pacCMOTPeHH MHOH paHbuie [12—17].

CayXuTh npoOHBIM KaMHeM JJIS NPOBEPKH «KAHAMAATOB» B 3a-
KOHBl MPHPOIB! — [I0-BHAUMOMY, Haubo/ee BaxkHad (QyHKUUS NPHH-
UUNOB HHBADHAHTHOCTH, HO OHA He EJIHMHCTBEHHA, Bo -MHOruX
CJyuasix CJIeCTBUS M3 3aKOHOB NPHPOJB YAaercs BBIBECTH, PYKO-
BOACTBYACL OCOOBIMH CBOHCTBAMH, HPUCYIIUMH MaTeMATHUECKOMY
annapary TEOpPHH, W NOCTYAUPYHA, 4TO ITH 3aKOHBI—TOuHas dopma
KOTODLIX MOXeT ObIThb HEH3BECTHAa — He NpOTHBOpevaT MPUHLHIAM
HHBapuaHTHOCTH. B KauectBe Haubosee sipKkoro mpuMepa Takoi cH-
TyallHH COIUJIeMCA Ha BBIBOA 3aKOHOB COXpaHeHHs UMIYJbCa, YIJo-
BOI'O MOMEHTA, SHEePTHH, JABHMKEHHUS IEHTPAa Macc Ha OCHOBe JiOO
JlarpaHXeBoil cXeMbl KJjaccHUeCKOH MeXaHMKH, JHOO THiabbeproBa
NPOCTPAHCTBA KBAHTOBOH MeXaHHKH C INOMOHIbIO TNePeulceHHbIX
BbIlE TEOMETPHYECKHX MNPHHIHMIOB HHBapHaHTHOCTH ?), 3ameuy
KCTaTH, YTO 3aKOHBl COXPAaHEHUs — 3TO eJUHCTBEHHblE H3IBECTHBIE
B HacTOsllllee BpeMsl YHHBEpCaJbHble KOPpeIAlHH MeXAy HalJmole-
uussmu. s Tex, KTO BBLIBOAHT 3aKOHBI COXPaHEHHs H3 reoMeTpHue-
CKHX [IPUHIHIOB HWHBAPHAHTHOCTH, $ICHO, YTO 0OJACTb OPHUMEHH-
MOCTH 3THX 32KOHOB BBIXOAHMT 3a paMKH JOObIX UYaCTHLIX TEOpHil
(rpaBuTanuy, 3JeKTpOMAarHeTHaMa H T. A.), IpakThuyeckKH 060co0b-
JIEHHBIX JAPYT OT Apyra B cobBpeMeHHON ¢usuke. Cpa3b MeXKAy NPHH-
[MIaMy MHBAPHAHTHOCTH W 3aKOHAMH cOXpaHeHHA (B UYHCAQ MO-
CAeIHHX B MOHUMAeMOM 3[eCb KOHTeKCTe HeNPEMEHHO BXOJUT
3aKOH ABHMIKEHHMSl IIeHTPa Macc) HeoAHOKDPAaTHO M CO BCeMH MOApPOO-
HocTsIMHE 00CyXKAanach B JJUTepatype. ,

B KBaHTOBOH TeODHH TPHHUHIB HHBAPHAHTHOCTH MO3BOJSIOT
NpUATH K ellle OoJlee Aajeko HAYLIUM 3aKAIOUeHHAM, 4eM B KJjac-
cuveckoii MexaHuWKe, ¥ MOM HMHTepec K MpPHUHIHMIAM HHBApHAHTHOCTH
NepBOHAUANBHO GbI CBA3AH HMEHHO ¢ 3THM obcroarenncTsoM. [Tpu-
ypHa Bospocwell 3(¢deKTHBHOCTH NPUHIHUIOB HHBAPHAHTHOCTH
KpoeTcsl B JIHHCHHOCTH MOJIOKEHHOTO B OCHOBY KBAHTOBOH TeOpHH
ruabbepToBa npoctpanctsa ?). ITocaenHee o3Hayaer, 4TO H3 JIOGBIX
JIBYX BEKTOPOB COCTOSIHHSI ) H Yo MOMKHO HOCTPOUTHL OECKOHEYHO
MHOI'O HOBBIX BEKTOPOB COCTOSIHHUSA:

Y= a1, + a,, (4)

1) Cm. crarbio Baittmana [28] u muorounciennbie apyrie padoTeHl B TOM XKe
cBopHHKe.

?) Cm. paborbr [29—33]. KBaHToBOTEOpeTHYECKHH BHIBOJ 3aKOHOB COXDaHeHHs
nan Burnep [34]. B 370l Xe cTaTbe nmpuBedeH 3aKOH COXpaHEHHs YeTHOCTH, CIpa-
BeJJIUBLIA, KaK NMoKasauo B [1, 2], aumb npubarxenno. OTHOCHTEIBHO HecoxpaHe-
HUA Y4eTHOCTH CM. TakKe paGoty [28].

3) Dro 3aMeyaHHe s BHEpBHIe ycJablwas or SIHra Ha NpasiHOBAHHMH CTOJIETHA
co IHA ocHOBauus Kosleaxa bpum Moyp. CMm, Takxke Mok craTbio [35].
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Tle 4y U @z — [POU3BOJbHBE YUCAA. AHAJIOTHYHO MOXKHO MOCTPOHMTD
CYIEPIO3HLHIO HECKONBKHX COCTOSIHHHA (HX MOXer ObTb jaxe Oec-
KoHeuHo MHOro). To, 4TO COCTOSIHHSI [OIIYCKaiOT CyHeplosulHuIo,
¢dbu3HyecKH OTHIOAb He OueBMJIHO. B yacTHOCTH, HaxKe 3Has, Kak Iie-
PEBECTH CHCTEMY B COCTOSIHHSL Y; M P, MBI He MOXKEM YKasaTh CIIO-
co6a, N03BOJISIONIEr0 NePeBECTH €€ B CYNEPIO3HIHIO 3THX COCTOSHH.
Peuent poseH Obll 6B 3aBHCeTb OT KO3((HUHEHTOB, ¢ KOTO-
PbHIMH 3TH JBa COCTOSIHHS BXOJAT B CYNEPIO3HUHMIO, H, ECTECTBEH-
HO, Tpocto HeusBecreH. CJlef0BaTeNbHO, IMPHHIUO CYNepNO3HIUH
npencrapiasier cofoll He 4TO HHOe, KaK INOCTYJAT CyLIECTBOBAHHS H
TOABKO CYLIEeCTBOBAHHS, XOTSl U BecbMa 3(PGMEKTHBHLIN U IIOJE3HbIH.

[TosicHum cka3aHHOe Ha NpHUMepe. B xmaccuueckofi Teopuu eciu
OJHO COCTOSIHHE 3aAaHo (NPelrNoJ/IOKUM, 4TO peub ujaer o6 opbure
KaKoi-HHOyAb MJaHETH), TO APYTOe COCTOSIHHE, T. €. JApYyrywo opou-
Ty, MOKHO TNOJYYHUTh H3 MEPBOTO NPH BpallleHHH HCXOAHOH OpOUTH
BOKpYI LeHTpa NPHTAXKEeHHA. DTOT PaKT HHTepeceH caM no cebe, HO
He NPUBOAHT K KAKUM-JIHOO OCOOGEHBO YIHBHUTEJbLHBIM CJAEACTBHUSIM.
B xBaHTOBO# Teopuu en0 OOCTOUT TOYHO TaK e, HO MIOMHMO 3TOTO
U3 COCTOSIHHI, NTOJYYalolUuXcs MPH NMOBOPOTE H3 JNAaHHOTO, B COOT-
BETCTBUM € YKe YIOMHHABIIMMCH IPHHIHUIOM MOKHO 00pa30Bbi-
BaTh CyNeprio3uliuio. Ecau HampasJ/ieHUs ocell MOBOPOTOB, MIPOHU3BO-
MUMBIX HaJ TepBOHAYAJIbHBIM COCTOSIHHEM, ObUIM PaBHOMEPHO pac-
npejesieHbl B IPOCTPAHCTBE, a DPE3YJbTHPYIOUIME COCTOAHHS MPH
COCTABJEHUH CYNEPHno3uliuid Opasuch C OJHHAKOBBIMH KOoadPpuLHeH-
TaMH, TO B HTOre Mbl ¢ He0OXOAMMOCTBIO MOJNYUHM COCTOsIHHE, o6Ja-
namwomiee chepHueckoit cuMmmerpueil. [Toctpoenne chepuueckn cum-
METPHYHOT'O COCTOSSHHA MOIJIO Obl 3aKOHUHMTLCH Heyjauell TOJIbKO
B TOM cJydae, e€cdu Obl HCKOMasl CyNepIO3HHHA O0Ka3alach HyJe-
BBIM BEKTOPOM THAbGEpTOBAa NMPOCTPAHCTBA, T. €. ecaH Obl Mbl He
HOJYYHJIH HHKaKOro coctosnus. Ho crout sumb Bh6path cynepro-
3ULMI0 C JApYruMH Kosdduuuentamu (B ABYMepPHOM cJyudae Kos3(-
(UIMEHTH HMEIOT BUA ei™?, rie ¢ — YroJ NOBOPOTa HavyajbHOTO CO-
CTOSIHHSI), KaK pe3yJbTHPYIOIlee COCTOSIHNE, XOTH M He 06J/ajanilee
6oJiee chepHUyeCcKOH, a Ha TJIOCKOCTH — aKCHA/AbHOH CHMMeETpHel,
no-npe:kHemy Oyler oO0Hapy:KMBaTb HEKOTOpPble IPOCTHE CBOHCTBA
OTHOCHTEJIbHO BpallleHuil, FIMeHHO 3Ta BO3MOXHOCTb NOCTPOEHHS
cocTosinuil, 06/1aAalux JH60 MOAHOH BpaulaTeJbHOH CHMMeTpHei,
an6o, 1o KpaiiHeli Mepe, OPOCTbIMH TpaHCHOPMAIHOHHBIMU CBOM-
CTBAMH OTHOCHTEJNBHO BpalleHHfl, U ecThb TO (DyHAAMEHTaJbHO HO-
BO€, YTO NPUHOCHT KBaHTOBas Teopus. CTalHOHAPHBIE COCTOSIHHSA
MOKOSAIIHUXCSE CHCTeM 006/1aJal0T TOH BBICOKOH CUMMeETpHeHd OTHOCH-
TEJBHO BpallleHHH, O KOTOPOH MBI TOJBLKO UTO TrOBOpHJIH. Takue
COCTOSIHUSI HTPAlOT BaKHYIO POJib B TEOPHH IIPOCTBIX CHCTEM, Ha-
npuMep aTOMOB, M HX BBICOKASl CHMMETDHSl YAOBJETBOPUTENBHA
¢ TOUKH 3DEHHs JIOTHYECKOr0 OGOCHOBAHHS TEOPHH,



56 1. Cummerpus u Opycue usuueckue npobaemst

Vicnonib3oBaHHe NPUHUMIA HHBEDPCHH, HJH OTpaxKeHHs, TakKkKe
OCHOBAHO Ha MpPHHUMNE Cynepno3uuuu. B kiaccuueckoit Meéxanuke,
TaK e KakK H B KBAHTOBON MeXaHHKe, CIPaBeMJIHBO YTBepIK/IeHHe:
ec/id HEKOTOPOe COCTOSIHHe BO3MOXKHO, TO BO3MOXKHO U 3epKalbHOe
OoTpa)KeHHe 3TOr0 COCTOSIHHA. B KiaccHUecKOH TeopHH M3 3TOTO
thakTta Hesb3si uU3BJeYb HHKAKHX BaXKHBIX CAeACTBHH. B KBaHTOBOMH
e TeOpHH Mbl UMEeM IPaBO IOCTPOHTb CYMEPNO3HIHIO HCXOLHOTO
COCTOSIHHSl M €r0 3epKaJIbHOTO OTPAaKEHHs! ¢ PABHBIMH MJH PaBHBIMH
o BeJWYHHE, HO MPOTHBOMOJOXKHBIMH NO 3HAKY Ko3dduuueHTaMu.
B nepBoM c/Ayyae Mbl NOAYYHM COCTOAHHE, CHMMETPHYHOE OTHOCH-
Te,IbHO OTpa)ieHHs (MHBEPCHH), BO BTOPOM — aHTHCHMMETPHUHOE.
Brigalomeecss zoctuxkeHue JIu u SHra, o KOTOPOM MBI y3Ke YIOMH-
Hajau panee [1, 2], cocTOA/M0 HMEHHO B TOM, YTO HM V/IaJOCh HaiTH
ype3BblYaliHO TNpPOCTYI0 HOBYIO HMHTEDIpeTaluio (H3HYECKOH MpH-
POJE! ONHOH M3 ONepalHil HHBePCHH, a UMEeHHO HHBEPCHH IPOCTPaH-
CTBa, H, KPOMe TOIO, JOKa3aTh, 4TO CTapas HHTEPNpeTalHus HeBepHa -
Paccmotpenne onepaunn «oOpallleHHsl BpeMeHH» Tpebyer ropasio
OOJMBIIMX TIPEAOCTOPONHOCTEH, NOTOMY YTO COOTBETCTBYIOMIMH oOfie-
paTop aHTHyHuTapeH. TeopeTHYeCKH 3TO OOCTOSTENbCTBO JOJIKHO
OPHBOAUTE K HOBOMY KBAHTOBOMY YHCJAY H HOBOH KJaccubpHUKanuu
yacTtuil!), olHAKO Ha IPAKTHKE OHO He ObLIO HUCIOJB30BAHO.

Moii ngok/aax Obl1 6B He TOJIOH, ecH OBl 5, XOTS1 6bl KPATKO, He
VIOMSIHYJ NpUGAHXKeHHBble cOOTHOWIeHUs cuMMeTpuH. [lono6Ho Bcem
NpUGANKEHHBIM COOTHOLICHHAM, OHH MOTYT BHINOJJHATBCSA ¢ 60JBLIONH
TOUHOCTbIO IIPH OJHHX YCJOBMSX H CYIHIECTBEHHO HapyIIaThCsl MPH
npyrux. Kputuueckue ycnoBHS MOTYT 3aBHCEThb OT COCTOAHHS 00b-
eKTa HJIM ONpelesaTh THN sBJenus. Haunbosee BaxKHBIM npuMepom
COOTHOIIEHHH NMepBOTO pPOLa MOIYT CJAYXKHTb MaJble OTHOCHTENbHLIE
tKopocTd. B 3TOoM ciayuae MarHuTHbie moJjisi caabbl M HampaBieHHe
CHHHOB He CKa3blBAeTCsl Ha IOBEJEHHH OCTaJbHBIX KOOPAMHAT. Mbl
OpHUXOJHM K H3BECTHOH B CIEKTPOCKONUH cXeMe cBsA3H Paccena —
Cayunpepca (cm., HanpuMep, [37]). Eule Gosee nHTepecHbIM Obl Gbl
cayyafl oueHb GOJBIIHX CKOPOCTeH, NPH KOTOPBHIX BeJHYHHA MaccChl
MOKOA CTAHOBUTCA HecyllecTBeHHON. K coXanenuio, OH He Gbui u3y-
yeH MOAPOOHO, XOTA NepBble MHOroo0ellalolllue LIard B 3TOM Ha-
[paBJEHUH y¥XKe C/es]aHbl 2).

Haubosee BaXHBIM NPHUMEpPOM SIBJACHHH, 00JafalolIUX, TOMHMO
yKe Ha3BaHHBIX, AOMOTHHTELHBIMH npeo6pa30BaHHAMH CHMMETPHH,

1) Tloppo6Hbifi aHa/u3 ollepauuil UHBEPCHH cM. B [36].

2) Cwm. [38]. MonoaHuTe/bHble oNepalHH CHMMeTPHH 06Gpasyior KoH$opMHYIO
rpynny. Kanuuurxam [39] n Beirrmen [40] o6uapyxuiy, uro npeoGpasoBadus 310i
rpynmbl OCTAaBJAIT HHBAPHAHTHHIMH ypaBHeHHs MakcBeasa B mycroTe, T. e. ypa-
BHEHHsl, ONMCHIBAIOLINE DAcMpOCTpaHeHHe cBeTa (MDOHCXOAsNlee, pa3yMeercs, «CO
cKopocTbio cserar). [losanee aHaOrHUHbIC PACCMOTPEHHA ObLUTH MPOBENEHH B pa-
Gorax [41, 42]; Tam xe MoXHO HafiTH H Gogee moapoGuyio Gubmnorpaduic mo
3TOMy BOTIpOCY. ' ' '
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cleAyer, NO-BHAMMOMY, CUMTArh TaKHe HOPOLeCCH, KaK CTOJKHOBe-
HHUA MeXAYy aTOMaMH, MOJeKyJlaMH M sapamu. Bo Bcex 3THX npo-
Heccax caafoe B3aHMOLCHCTBHe, CBs3aHHOe ¢ f-pacmajoM, pOJH
He Hrpaer, a HHBePCHS ABJAACTCA NOJHONPABHOH ollepalliedl CHM-
metpuu. To Ke MOKHO cKa3aTb M 00 OOBIUHOH CHEKTPOCKOIIUH.

B sABJeHHAX ApYyroro, He MeHee HHTeDEeCHOTO THIA 3JeKTpoMmar-
HHTHOE B3aHMOJEHCTBHE TaKXkKe HMeeT JHUIb BTOPOCTelleHHOe 3Ha-
YeHHe, BCJIEJCTBHE uero 3JeKTPHUUECKHH 3apsj] 4acTHL CTaHOBHTCS
HECYHIeCTBeHHBIM M BO3HHKaeT HOBasl ollepauusl CHMMETDHH: Iepe-
CTaHOBKA NPOTOHA M HeATpoHA UM — B GoJee oflleM NaaHe — YJe-
HOB HM30TOIHUYECKOTO MYJbTHIETd. DTH W ApPYrHe Cjy4am pacliu-
PEHHOH CHMMETPHH NPUBOJASAT K 4DPE3BbIUalilHO HHTEpecHbIM BOIPO-
caM, HaxoJslUIMMCsi B HACTOAllee BpeMsl B I[leHTpe BHUMAaHHs, Of-
HAKO 3TOT KPyr mpobjem BecbMa OOILUHDEH u CJIOXKeH, 4TOOLl ero
MOXHO OblJI0 TOAPOOHO 06CYXK1aTh 34€Ch.
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PE/ISITUBUCTCKAS MHBAPHMAHTHOCTD
N KBAHTOBUIE SABJIEHH 1)

BBEJAEHHE

l1aBHas meab panpnoro obsopa — 1moxasarb ray6oKoe pasinuue
MeX Iy OTHOLIEHHeM CIelHabHON TeOPHUH OTHOCHTEJNLHOCTH K KBaH-
TOBOH TEODHH, C OJHON CTODOHBI, H OTHOLIeHHeM oOllell TeOpUH OT-
HOCHTEJBHOCTH K KBAHTOBOH TEOPDHH —C Opyrofl, BoablmuHCTBO
pe3yJIbTaToB, CBS3aHHBIX C aHAJH30M OOILEH TEOPHH OTHOCHTEJb-
HOCTH, OBIIO NOJyYeHO MHOH coBMecTHO ¢ moktopoM CanekepoM 2),
KoTophiii mpoBen B [IpHHCTOHe roj, paboras unaj HccaeL0BAaHHEM
yKa3aHHOI mpobGJeMbl.

Pasnune Mex1y OTHOINEHHMsSIMH CIENMaJbHOH H oOLiell TeopuH
OTHOCHTENBHOCTH K KBAHTOBOH TEODHH, KParTKO TIOBODS, COCTOHT
B TOM, 4TO MeXJAYy CHeLHaJbHOH TeopHel OTHOCHTEJBHOCTH H KBaH-
TOBOI TeopHell HeT HUKAKOro JIOTHUeCKoro 6apbepa, B TO BpeMsl Kak
oblL1as TeopHS OTHOCHTEIBLHOCTH M KBAaHTOBas TEOpHS BpPSA JH
uMeroT uTo-1HGo ofIilee. YTBepkieHUe 00 OTCYTCTBHH JIOTHYECKHX
NPOTHBODEUHH MeX[Ay KBAHTOBOH TeOpHeH M crenuaJbHON Teopuei
OTHOCHTE/IbHOCTH OTHIOAb He O3HayaeT, YTO MaTeMaTH4YecKHe (op-
MYJHPOBKH OOeHX TeOpHil 0ObeAHHEHLI KaKOH#-THOO eCTeCTBEHHOHN
B3aHMOCBfI3bl0. B JeHCTBHTENLHOCTH [el0 OOGCTOMT HHaue, H MO-
tpeGoBanuch HeTpuBHadbHble HAeH Tomonarw, llsunrepa, Qeitama-
va u [daficona [l], uro6nl mpuaaTe KBaHTOBOH TEOPHM BHJI, COBMe-
CTHMBIH ¢ NOCTyJaTaMH CIeLHaJbHOH TEODHH OTHOCHTEJbHOCTH,
mpuyeM ycliexa NokKa yAajoch AOCTHYL JHIWIbL Ha paboueM yposHe.
YrBepxKaeHue o6 OTCYTCTBHM TPOTHBOPEUHH CKOpee O3HAuaer, uTo
HCIOJb3yeMbie B KBAHTOBOI MeXaHUKe MOHSTHS, CBA3AHHBIE C H3-
MepeHHeM KOOpAHHAT, HMIYyJAbCa H T. M., SIBJASIOTCS TeMH CaMBIMH
MOHATHAMU, Ha si3bIKe KOTOPBIX (POPMYyJHUPYIOTCS MOCTYJNaThl CcHe-
IMaNbHOH TeOpHH OTHOCHTeJbHOCTH. C/lel0BaTeNbHO, MBI TMOJyUYaeM
BO3MOXKHOCTb NO Kpa#Hed Mepe chopMy/aHpOBaTh TpeboBaHUe pesid-
THBHCTCKOH HHBAPHAHTHOCTH KBAHTOBBIX TEOPHH H IPOBEPHTH, YIOB-
JIETBOPSIIOT JIi OHH 3TOMy Tpe6oBanui. To, 4TO OTBeT mNOJyuaercs
CKOpee OTPUyATeNbHbIM, UeM YT8epOuUTeAbHbIM, W UTO KBAHTOBAs

) 3ror poknan Burnep mpouyran 31 suBaps 1957 r., yxois B oTCTaBKy ¢ Io-
cTa npesnjeHta AMepHKaHCKOro ¢usuieckoro obuiectsa. Ony6aukoBan B XKyp-
nane: Rev. Mod. Phys., 29, Ne 3 (1957). » :

2) TMonpoGHOMY H3JOKEHHIO 3THX pe3y/bTaToB OyAeT MOCBsilLEHA CHelHalb-
Has CTaTha.
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TEOpHA elile He BHOJHE NMPHCHOCOO/eHa K MOCTY/IaTaM CHeUHaJbHOH
TEOPHH OTHOCHTEJBHOCTH, BBI3BIBAET YYBCTBO HAOCAABI, HO HE MEHSeT
IJ1aBHOTO: BONPOC O B3aHMMHOH HENPOTHBOPEYHBOCTH OOGEHX TeopHuii
MoxeT OBITh IO KpaHHeR Mepe c(OpPMYJHPOBaH, 2 BONPOC O pens-
THBHCTCKO HMHBAPMAHTHOCTH KBAaHTOBON TEOpUH B HAcTOsLiee BpeMA
npuoGpen 4epThl CKOpee TOJOBOJOMKHY, YeM NPOGJIEMH.

HMHas curyanus ckaagbiBaercd B oOMmeHd TEOPHH OTHOCHTE/b-
goctt. OCHOBHAs TNpeINOCHIJIKA 3TOH TEOPHH COCTOMT B TOM, UTO
KOOpPIHUHATHl fIBJISIOTCS BCIIOMOTaTeJbHBIMH BEJIHYHMHAMH, KOTOPBIM
o5 060oro coBBITHA MOXHO MpPHIMCATH COBEPUIEHHO MPOU3BOJbL-
Hele 3HaueHnd. ClefoBaTe/NbHO, NPHHAB [OCTYJIATH OOUEH TeopuH
OTHOCHTEJNBHOCTH, Mbl BHIHY?KJA€HBI NIPH3HATH, UTO H3MepeHHe MOJIo-
JKeHHs, T. €. IPOCTPAHCTBEHHBIX KOOPAMHAT, 32BeIOMO He uMeeT du-
3MYeCKOr0 CMBICIa, TaK KaK KOOpPAHHATAM MOXKHO IIPHAABaTh KakHe
yrogHO 3HaueHus. JIHIIEHO (DH3HUECKOTO COMEPXKAHUSA H H3MepeHHe
UMIIYJbCOB. DOJIBUIMHCTBO W3 HAC JOMaJo TOJOBY HAA TeM, Kak
IpH TAKHX NPEANONONKeHHdX oblllad TeopUsi OTHOCHTEIbHOCTH BOOO-
file NO3BOJSET [eJaTh HMeIOUINe CMBICJ YTBEPXKACHN U MpejacKasa-
Husi, $lcHO, YTO OGHIUHBlE NMPOTHO3B OGYAYILEro MOJOXKEHWS YACTHIL,
XapaKTepU3yeMoro MX KOOpAWHATaMH, B 0Ollell TeOPHH OTHOCHTEJb-
HOCTH YTPA4HBAIOT CMBICA. ITO OOCTOATENbCTBO PELKO MOJB3YeTcs
JOKHBIM BHHMaHHEM, HO HMEHHO OHO, a He GoJee CrenHaJbHbIl
BONpPOC O JOPEHI-UHBAPHAHTHOCTH YpaBHEHUN KBAHTOBOH TEOpHH
1oJIs1 MpemsiTCTBYeT HalleMy MpPOABHXKeHHIO Brepen. Haspaunas
TPYAHOCTb NPOHH3LIBAeT BCIO OOILYIO TEOPHI0 OTHOCHTENBLHOCTH,
¥, KOTZa Mbl BBIUMCJSIEM, HanpHMep, ABHMKeHHe nepureaus Mepky-
pHsi, He OOBACHAS NPH 3TOM, KaK Hallla CHCTeMa KOOPAHHAT (QHKCH-
pOBaHa B MPOCTPAHCTBE W YTO NPENSITCTBYeT effl MOBOPAUMBATLCH Ha
HECKOJIBKO CEKYH[ B TOJ H CJeJOBaTb 3a BHAMMBIM ABHKeHHEM Iie-
pUreusi, MBI He TOJAbKO 3abJayXkgaeMcs caMH, HO H BBOJIUM B 3a-
O6ayxneHue cBoHx CcTyAeHTOB. Ochp x Hallef CHCTEMbl KOOPJHHAT,
OYEBUAHO, MOXKHO OblT0 Obl ONpefe/uTh TakK, uTOGbL OHA HEOTPBIBHO
cnefgoBasia 3a MepuUrejueM, H JAWIUb TPHHATHE HEKOTOPOro clie-
UHaJbHOTO JOMYLIeHHs] O NPHpPOAe KOOPIMHATHON CHCTEMBI HOJXKHO
BOCHPENATCTBOBATL TAKOMY «cjexeHu0», CHTyauus ¢ JBHKeHHEM
nepuresus AOCTAaTOYHO NPOCTA, H B Hel moJie3HO pasobparhbes. B ie-
JIOM Ke NOAHATHI BONPOC HMeeT JNajeKo He aKaJeMHYeCKHiH HHTe-
pec, XoTs cAyuail ¢ ABHXKeHHeM Iepureaus Mepkypus cam 1o cebe
joctarouto akajgemuued. C Kaxablii 1HeM Mbl Bce GoJblie H 60Jib-
e otgaeM cebe OTUET B TOM, UYTO MHOrHE IIPOTHBOPEUHBBLIE Pe3yJib-
TATHI, NTOJIyYeHHble Ha OCHOBe 00Iled TeOPUH OTHOCHTEJBHOCTH, 06Yy-
C/IOBJIeHBl pa3jHYMeM B HeSBHBIX JONYIIeHHAX, (DUKCHPYIOLIMX CH-
creMy Koopaunat. [IpefcraBieHue pe3yasTaToB B BHAe Habopos
3HaueHuli KOOPAHHAT HACTOJNBKO BOWJIO Y Hac B MPHUBLIYKY, UTO MBI
npuiepxkuBaeMcst ee 1 B 00llell TEOPHH OTHOCHTENBLHOCTH, Tlle 3HA-
yeHusl KOODAHHAT per se He uMeoT cMbicaa, UrtoObl OHM Hamod-
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HHJHCh COJepXKaHUeM, CHCTeMa KOODAMHAT AOJNKHA, NONOOHO MOJI-
JIOCKY, KaKHM-TO 00pa3soM «NPHUENHTLCA> K NPOCTPAHCTBEHHO-Bpe-
MEHHBIM COOGBLITHAM, a 3TO YaCTO IPOJEJLIBAETCS B BeCbMa 3aByaJi-
poBanHo#l ¢opme. Ecim MB XOTHM NOMOYb OOIleHl TEOPHH OTHOCH-
TeJbHOCTH YCTAHOBHTb «B3aHMOIIOHHMAaHHE» C KBaHTOBOH Teopuei,
TO Tpexje Bcero HeoOXOAMMO NPHIAaTh YTBePXKIAEHHAM oOliell Teo-
pPHH OTHOCHTENBHOCTH Takylo (GopMy, B KOTOPOH OHH COIVIaCOBaJHCh
6bl ¢ OCHOBHBIMH NPHHIHIAMH caMOH oOulell TeOpHH OTHOCHTENb-
HocTH. Kakum 06pasoM MOXKHO MONLITATbCS JOCTHYb 3ITOH IeqH,
fyleT NOKa3aHO HHXKe.

PE/IATUBLCTCKASL KBAHTOBAJ TEOPUS 3JIEMEHTAPHBIX CUCTEM

CBf3p MexIYy ClleliMajbHOH Teopuell OTHOCHTENBHOCTH U KBaH-
TOBON MeXaHHKoH ocobeHHO mpocra AN cBOGOAHBIX wacthi, Hx
ypaBHEHHS W CBOMCTBA B OTCYTCTBHE B3aUMOJIEHCTBUH CAEAVIOT H3
OJIHOf JIMIIb peJSTHBUCTCKOH HHBapuHaHTHocTH. HeobGxommmo pas-
JHYaTh ABA CJAYyYasi: YacTHlbl, KOTOpble MOXKHO TPHBECTH B COCTOS-
HHe TIOKOSI, H YACTHIIB], KOTOPHIE B COCTOSIHHE TIOKOs TPHBECTH HEJlb-
35.- B cucTeme KOoopauHaT, B KOTOPOH YacTHIA MOKOUTCS, OHA Beler
cebs1 Tak ke, Kak Jjwobasi gpyrast yacruna wiu kak atrom. Ona 00-
Jdajiaer COGCTBEHHBIM YIJIOBBIM MOMEHTOM, o603HauaeMbiM J, ecau
peub Haer o6 aToMax, H CIMHOM S, €Cc/H peub HAET 00 3JeMeHTap-
HbeiX yacTtHiax. OTCi0Jla BO3HHKAIOT Pas3JUuyHble BO3MOMKHOCTH, H3-
BECTHBIE ellle U3 CHEeKTPOCKOMHH, a HMeHHO 3HavyeHus cnuuos 0, s,
1, 3/, 2, ..., Kaxa0e M3 KOTOPbIX COOTBETCTBYET ONpefeSeHHOMY
TUNy Yactull. Ecjy Ke uwacTHLY HeJb3fd NMPHBECTH B COCTOSTHHE IIO-
KOS, TO ee CKODOCTb HelpeMeHHO [oJKHa ObITh paBHAa CKOPOCTH
cBeTa: yacTuiy c J1000# APYroil CKOPOCThLIO BCErla MOXHO IPHBECTH
B COCTOsIHHe NOKos. Macca 1MOKOSl 4acTHI, JETAIHX CO CKOPOCTHIO
cBeTa, paBHa HyMIo, H6O OTAHYHAS OT HYJS Macca NOKOS NpH [ABH-
EHHH CO CKOpOCTBIO CBeTa NpPHBOAMJA OBl K OeCKOHEUHOH 3HepTHH.

Hactulbl ¢ HyJeBOH Maccoll IOKOSI HE3aBHCHMO OT BeJHYHHbI
CNyHA WMEIOT TOJMbKO [Ba HAMpaBJ/eHUs NOJSPHU3AUMM B OTAHUHE OT
2s + | HanpasJeHHD NOJSApPH3AllMH YACTHI C HEHYJeBOI Maccoil mo-
kost W crnuHoM S. Haubosee M3BECTHBIA TNPUMEpP 3TOTO SIBJEHHST —
3JJeKTPOMarHUTHOe u3JyueHue, T. €. cBeT. «CnuH» ¢oroua paseH 1,
HO HanpaBJeHHli noaspusauuu aumb 2 BMecto 25 + 1 =3, [lpw
y6pIBAHUHM Macchl NMokod u obpaitenud ee B 0 uiica0 HanpasaeHHi
IOJIAPU3ALiUY, TIO-BHAUMOMY, CKaukKom ob6painaercs B 2. Jas ssek-
TPOMATHUTHOTO H3JIyUeHHus, T. e. LI § = 1, 3TOT nmpouecc GBI 1MOI-
po6no uccaenosan baccom u llpeannrepom [2], onnako neobxoanmo
SICHO NpelCcTaB/asATL cebe, uTo NofobHOe pe3koe yMeHblieHHe yHcJaa
BO3MOXKHBIX HalpaBJeHHl NOJsIpH3auAH OOYCJIOBJEHO HCKIIOUH-
TeJJbHO CBOHCTBaMu npeoGpasosanuii JlopeHna M IPOUCXOAUT NpH
MoObIX 3HAYEHHAX CIHHA.
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B ToM, UTO MOXXHO CKa3aTh OTHOCHTENBHO uMcJa HallpaBJeHHH
NOJIAPH3ALHH YACTHIbI, HET HUYErO CYLIECTBEHHO HOBOIO, H T.1aB-
Hast LeJb MOCJAELYOIUX pa3feloB 3Toro 0030pa— HAMETHTb He-
CKOJIBKO HHOM TOJIXOX K yxKe H3BeCTHeIM BewaMm !). Bmecto Bompo-
ca: TOYEMy YACTHLB C HyJeBol Maccofi nokos o0/najaior JAuillb
IBYMs HampaBJeHHSIMU IIOJSPH3AIHNHP — MBI 3ajaeM BOIpOC, CJer-
Ka oTJpvaouuicad no ¢opMe: nMoueMy y YACTHI ¢ OTJAHYHOH OT HYJs
Maccoll mokosi uMeercsi 6oJee ABYX HalpaBJeHUH MOJSIPU3ALHN?

Co6cTBeHHBI YIJ0BOH MOMEHT YacTHIBI ¢ HYJeBOi Maccoil mo-
KOsl apaJjsiesel HaNpaBJ/eHHIO e¢ ABMXKeHHs, T. e, MapaJjieien CKo-
poctd uactuipl. Kakoe Obl BHYTpeHHee JABHXKEHHE MBI HHM CBH3DLI-
BaJH CO CIIHHOM, OHO Bcerfa Oyjler MNPOHCXOAHMTH B IJIOCKOCTH,
nepreHAnKyAspHOH ckopocTH. B ciayuae cBera Mbpl TOBOPHM O I0-
nepeudofi noasipusanuu. Bonee Toro, yreepiienue o mnapaJdgeds-
HOCTH CIIHHA M CKOpocTH (M 3ToT GakT HanbGosee 3aMeuaTesNeH) pe-
JSITHBUCTCKH MHBAPHAHTHO: OHO OCTAeTCs B CHJE JaXke B TOM cayuae,
€CJIM NPH ONMCAHWUH YaCTHIBLl Mbl BOCMOJb3yeMcSl ABHXKYLIECA CH-
cremolt koopausar. Ilpu Takom moaxoje K npoG/eMe MOJAPH3ALUUY
MBI B KOHII€ KOHIIOB IPUXOAMM K BOIPOCaM: NOYeMY YIVIOBOM MOMEHT
YaCTHIB ¢ HeHY/NeROofl Maccofl NOKOs He MOXeT OBITh Hapanneseq
e€ CKOPOCTH WJIM IloYeMy IIJIOCKas BOJHA MOXKeT OBITb IONEPeuyHO
HOJIAPU30BAHHON TOJBKO B TOM CJy4ae, ecjH OHA PaclpoCTpaHAeTCs
co ckopocTbio cBeTa? Ha 3TH BONpPOCH caelyeT OTBETHTb TakK: YIJO-
BOH MOMEHT YaCTHLBI ¢ HEHYJeBOH MacCOH II0KOS BIOJHE MOJCET
OBITH MapaJJesbHbIM HANpPAaBJEHHIO JBHMKEHUS H BOJHA MONET OBITH
[IOMNepeuHo MOAsIPH30BaHHOM, HO W TNIepBO€ H BTOpPOE YTBEPXKACHHS
He 006Ja1a10T JOPEHL-HHBapHAHTHOCTEIO, MHaue roBops, gaxe ecin
CKOpPOCTb M CIHH IlapalllelbHbl B Kakoli-HuOyJb OJNHOH cHCTeMe
KOOPAMHAT, TO OHM He OYAyT napaseJbHBIMH B APYTHX CHCTEMax
koopauHat, CrnpaBelJMBOCTL MOC/eLHEr0 yTBep:KJeHHs BUJHA OCO-
GeHHO HaTJIAJHO, €CIM B <«IPYTHX» CHCTeMaxX KOOPAMHAT 4acTHUA
MOKOHTCSA: B TAKUX CHCTEMaxX KOODAHHAT YIJOBOH MOMEHT JOJIXKeH
6bla1 Obl GBITHL MapaJsebHBIM «HHueMy»! B T0 e BpeMsa mas KaxK-
JIOH YacTHIbl, €CIH TOJBKO OHAa He ABMIKETCS CO CKOPOCTbIO CBeTa,
BCErZla MOXHO YKa3aTb CHCTEMY KOOPAMHAT, B KOTOPOi oHa Oypmer
NOKOUTbCS, H B HTOH CHCTeMe KOOp/JAMHAT ee YIJIOBOH MOMEHT 3aBe-
IoMo He Oyzer mapaJJeseH ee ckopocTd. CileroBaTesbHO, yTBEpPXK-
JeHHe O Mapa/lebHOCTH CIMHA M CKOPOCTH IS 4ACTHIL C OTJIIHYHOH
OT HVJIsl Maccoil IIOKOf He SBJsieTcsl YHHBEPCAJbHbLIM, CrnpaBelJIu-
BbIM JJis1 BceX 0e3 HCK/IIOUEHHS] CHCTEM KOODAHMHAT, H Y TAKHUX 4a-
CTHIL[ YMCJIO HANpPaBJAEHHUA MOJSIPU3ALUH JOJKHO ObITh 60IbHIE ABYX.

1) HanGosee cylltecTBeHHbie MOMEHTBl NPOBOAHMMOIO HUXKe aHa/lM3a COAep-
’)Katca B cTaThe aBTopa [3]. B Gosiee sBHOM BHAe OHH BHICKa3aHbl B ero AOKaajne
B Bepue (1955 r.) Ha TOpKecTBeHHOM COOpaHHH MO CIY4alo NOJYBEKOBOrO to6ues
TeOpHH OTHOCHTEIBLHOCTH [4].
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[TosicauM Halwy MbiCAb HecKoJbKo noapoOuee. PaccMoTpuM Io-
KOsIllyIocA YacTHUY ¢ 3afaHHbIM HampaBJeHHeM MOJspH3alHH.
[Tyctb, HanpuMmep, 5THM HampabJeHHeM Oygmer ocb 2. Bymem na-
6/104aTh 32 YacTHUEH H3 CHCTeMBl KOOpIHMHAaT, ABHXKylLlehcs: B Ha-
npasjenun —z..Ham 6yner KasaTbCs, YTO CKOPOCTb YACTHUB Ha-
npaBjeHa B CTOPOHY IIOJIOKHTENBHON OCH 2, a HalpaBJeHue moJd-
pH3ANMH uacTHIb — napasiensHo ee ckopoctn (dur. 1). [lokaxew,

A

! v

Cur. 1. Aloy)  R(V)A(0,9)

Ctpenk¥, nNpoBejeHHbie oOAHOH uepToil, O3HayawT

CINH, ABOHHbLIE CTPEJKH — CKOPOCTb 4qacTunel. He-
3aBHCHMO OT TOro, coofliaeM JH Mbl YacTHIle CHa- |
yajga CKOPOCTb B HANpPAaBJieHHH CIHHA, a 3aTeM |
|
|

npoussoAuM nosopor (R(P)A(0, @)) wuam cHadana
MPOU3BOAMM IIOBOPOT M JHIIb 3aTeM COOOLIaeM CKO-
pocth (A(9, @)R(¥)) B HaNpaBieHAH CN4da, pe-

3yAbTaT (COCTOSIHHE) GyneT ORHHM H TeM ke [cMm. T
( coorHoutedue (1. 3)]. /J%

41O TpH GOJbIIUX CKOPOCTAX NOCTeIHEe YTBEPKASHKHE NOUTH HHBA-
puantHo. Ilpexpae Bcero SICHO, UTO YTBEPKJIeHHe CTPOTO HHBAPUAHT-
HO OTHOCHTE/BLHO BpallleHHH H JaJjbHefllero yBeJHYeHHs CKOPOCTH
B HanpasJeHHH 2. IDTO BUAHO H3 HHXKHEH 4YacTH (QUIYpBl: CHCTEMY
KOOPJAHHAT CHauaja MOBEPHY/H BJEBO, a 3aTeM el COOGUIMAH CKO-
pPOCTb B HalpaBJeHHH, NPOTHBONOJNOKHOM crapodl ocu z. Cocrosaune
paccMaTpuBaeMoil HaMu (DU3MYECKON CHCTEMbl He H3MEHMWJIOCH OHI,
eciu Gbl Mbl cHauajla COOOLIMJH CHCTEMe KOODAHMHAT CKOPOCTb B
HampaBJeHUH —Z U JIMILBb 3aTeM NPOU3BEJH MOBOpPOT (TaKoi mMo-
pSLIOK JAeficTBUil u3olpakeH B BepxHel uactu ¢urypet)., Cocrosi-
Hue Qu3Nyeckof cucreMbl Ka)KeTcs HaM OJMHAKOBLIM He MO KaKoil-
Jan6o (Gu3nYecKOoll NMPUYHHEe, @ TOJABKO IIOTOMY, 4TO 08e CHCTEMBI KO-
OpPAMHAT TOXAECTBEHHbLl M Mbl ONHCHIBAEM C MX NOMOLLUBIO OAHY H
TY XKe 4acTUuy (cM. npunoxedue 1).

[Tpumanum Tenmeph Hawedl uacTule GOJbUIYIO CKOPOCTb B Ha-
npasjeHdH ocH 2 u OyjeM CJAEIHTb 3a Hel H3 CHCTeMBl KOODJIHHAT,
JBHXKYyLIeficd B HanpasJeHuun —y. Ham OGynmer Kasateesl, uro ua-
CTHIa NpHOGpeJa UMIYJbC B HANPaBJEHUH Y, 8 CKOPOCTh YacTHILBI
Oyner HanmpaBJeHa MexXAy ocaMu 2 U y (¢ur. 2). Cnun yacTuub He
Gyner GoJee napaJJeseH HanpaBaeHHIO ee IBHKeHHs. B HepessTu-
BHUCTCKOM CJlyyae, KOr4a BCe CKOPOCTH MaJibl MO CPaBHEHHIO CO
CKOPOCTBIO CBETa, CIIMH OyZeT mapaJijeseH OCH 2, H ero HalpaBsJieHHe
GyzeT cOCTaBJAATH HEKOTODBHIA yroJ ¢ HampaB/eHHeM ABHKeHHs Ya-
CTHIB. DTO O3HAYaeT, YTO YTBEPKAEHHe O Napa/UIeNbHOCTH COHHA
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U HalpaBJjeHHs [BHKEHHS B HepejATUBHCTCKOH o06jacTH HEHHBA-
PHAHTHO. OI[HaKO ecJIn HadvaJlbHasa CKOpOCTb JYaCTHIBL 6aH3Ka K
CKOpOCTPI CcBeTa, TO JIOPpEHIEBO COKpaI.U.eHHe IIPpUBOOUT K TOMY, UTO
yroJa e Mexny CIIHHOM H CKODOCTBIO y,lIOBJIETBOpHET COOTHOILUIEHHIO

tg8=(l —%)l/zsinﬁ, (1)

rae 9-—yron MexAy CKOPOCTbIO v B JBHXKYIIeHcs CHCTeMe KOOPJH-
HAaT H CKOPOCTbIO B TOKosuelics cucTeMe KoopanHat. [locneanss

dur. 2.
’«IacTﬂue cHayaJnaa IpHAA4IOT He-
60-711.]11}’]0 CKOpPOCTb B HarnpasJe-
HHH ee CIIMHAa, a 3aTrem -—— BCe

BO3PACTAIIYI0 CKOPOCTL B IIep-
HeH AUKYIIPHOM HanpaBJeHHH
(Bepxusin uyacTb (urypsr). Han-
paBJeHHe CHOHHA OCTaercss 110 Cy-
UIECTBY HEM3MEHHBbIM, HO yroa

MeXJy COHHOM H CKOPOCTLK Ya-
CTHIBI YBesJHYHBaeTcs MO Mepe
803pacTaHusi CKOPOCTH  UaCTHIbE
B HalpaBJieRHH, [MePHeHAHKYAAD-
HOM cnuHy, Ecaum ckopocT®, co-
4 ob1iaeMble YacTHILE, BEJIHKH
(HuXHSHA 9acTb ¢GUTYPH), TO Ha-
npaBJieHne clHHaA cjaejyeT 3a Ha-
npasjelineM CKOPOCTH  [cM. co-

otnomenns (1.7) wu (1.8)].

~

cHTyallusi HAIVIAMHO 0Ka3aHa Ha mUXKHed vacru ¢ur. 2. Ecau cko-
pPOCTh YacTHLBI MaJda 110 CPABHEHHIO CO CKOPOCTbIO CBeTa, TO Ha-
npapJjeHye CIHHA OCTAeTCSl HEeH3MEHHBIM M OAMHAKOBO B JBHXKY-
ulefics ¥ B NOKosulelicsa cucremax KoopAuHar, Haobopor, ecan cko-
pocTh dacTuilpl 6/nM3Ka K CKODOCTH CBE€Ta, TO CKOPOCTb YaCTHILBI
yBJieKaeT 3a co0oil ee CIHH, H yroJ MexXJy HanpaBJeHHEM IBHXKe-
HHUsSI W HanpaB/leHMeM CIIHHAa B [BHXKYlUlefca cHCTeMe KOODAHHAT
CTaHOBMTCA MaabiM. HakKoHel, eCclH uYacTHUa [JBHIKETCS CO CKO-
POCTBIO CBeTa, TO YTBEPIKIEHHEe CIHH H CKOPOCTb YacTHLBI mapal-
JeNbHbI» COpaBeiJUBO B JIOO0H cucteMe KoopAuHaT. IlomoGuas
CHTY4lHUsi M Ha 3TOT pa3 0oOyC/IOBJEHAa He KAaKUM-THOO (PU3HUECKHM
CBOHCTBOM cCHMHa, a oOHpefensdercs HCKIAOYHTENbHO CBOHCTBaAMH
npeo6pasosanuit JlopeHla: cBOeoOpasHbiM NPOsIBJIEHHEM JODPEH-
ueBa cokpallenus. VIMEHHO B 3TOM M COCTOMT NPHYHHA DAa3JHY-
HOI'O TOBeJeHHs 4acTHI[ ¢ OTJHYHOH OT HyJsd M HYJeBOH MmaccoH
[IOKOSl — HEeCOBNAaJeHus uucaa HamnpabideHud noadpusauuu. ([lox-
pPOGHOCTH BBIK/IAJO0K CM. B MIPHJIOMKEHHH 4.)

[peabiaymune paccyKAeHus AOKasbiBaloT 6oJblie, YeM Mbl Ha-
MepeBalHCh [0KasaTb. ¥I3 HHX BHJHO, 4TO yTBepXIEHHE «I/s ya-
CTHIl C HYJIeBOH Maccoil MOKOSl CIMH H CKOPOCTb MapasljiesIbHbI» HH-
BAPHAHTHO M YTO 1O PEJNSTHBUCTCKMM NPHYMHAM LOJKHO OBITb He
dsa, a Aulib 00HO HampaBJeHHe NOJspH3auuy. Tako# BBHIBOJ BepeH,
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ecJld Mbl OTpaHHYHMCS COGCTBEHHBIMHU npeo6pa3oBaHuaMH JlopeHa.
BTopoe HampasJieHHe NOJSPH3aLHH, KOrJa CIUH U CKOPOCTh aHTH-
napaJJejbHbl, BOSHHKAET BCJIEACTBHE CHMMETPHH OTHOCHTENBHO OT-
paxeHuit (HHBepcuH). DTO TaKkxKe MOXHO MPOAEMOHCTPHPOBATH HA
pEMepe cBeTa: NPaBONOJSPH3OBAHHBIH CBET OCTAETC MNPaBONOJs-
pPH30BAHHBIM BO BCeX JIOPEHIEBBIX CHCTeMax OTCHeTa, NepexOMsiIuX
ApYr B Jpyra IpH HenpepbiBHLIX NpeoOpa3oBaHusax. JIMIIb HOCMOT-
peB Ha MPAaBONOJSAPH3OBAHHBIA CBET B 3€PKAJ0, Mbl YBHAUM €ro
JeBONOASIpH3oBaHHbIM. [locTynat o CHMMETPHM OTHOCHTEbHO OT-
paxeHHH Mo3BoJseT HaM cJelaTh BHIBOJA O CYLIECTBOBAHHH JIE€BOIIO-
JSIPH30BAHHOTO CBeTa, ONHpasAcb Ha (PaKT CyleCTBOBAHHA NpaBo-
nossipraoBanHoro cpera. Ecau 6bl peanbHblli Mup He o6iajasn
CUMMETPHel OTHOCHTEJIBHO OTPa)K€Hu#l, TO CyLIecTBOBaHHe 08YX
Pa3HOBHIHOCTEH KPYroBOH MOMNSPU3ALMH CBETA C IPAKTHUECKH HEOT-
JIHUMMBIMH CBOHCTBAMH NOJXKHO OblIO Obl Kasartbes uygoM. Cosep-
[MIeHHO HWHAasg CHUTYalust BO3HHKAeT INpPH DPACCMOTPEHHH YaCTHI C
HeHyJaeBoi Maccoill mokos. /s HuX cyllecTBoBaHHe 25 -+ | nampa-
BJeHUH mMoNApU3ALUY CAeIYeT U3 MHBADHAHTHOCTU TEOPUH OTHOCH-
TeJbHO cOOCTBeHHBIX npeobpasoBanuit Jlopesna. B uactrocrH, ecid
TaKaf 4acTHU& HaXOJMTCH B COCTOSIHHH IIOKOSl, TO CHOHH ee Oyner
10-pa3HOMY OPHEHTHPOBAH OTHOCHTE/IbHO CHCTEM KOOpDIHWHAT, pas-
JINUHBIM 00pa3oM OpHEHTHPOBAHHLIX B MPOCTpaHCTBe, Takum obpa-
30M, CyNleCTBOBAHHe BCeX COCTOSIHHH INOJADU3ALHH CJelyeT H3 Cy-
I1eCTBOBAHHA OJHOTO COCTOSIHHMS, €CJIM TOJIbKO TeOpusl MHBADHAHTHA
OTHOCHTeNbHO cOOCTBeHHBIX npeobpasoBanuil Jlopenua., [ns ua-
CTHL, C HYJEeBOH Maccoil MOKOs CYLIeCTBYeT JIMIIL JBa COCTOSHUS
NoJIIpU3alliy, B axKe BHIBOA O CYLIECTBOBAHHH BTOPOTO COCTOAHHA
NOJNAPH3ALHUH ONHpaeTcss Ha NOCTYJNAaT O CHMMETPHH OTHOCHTENbHO
HHBEPCHH.

CHMMETPUSA OTHOCHTENBHO HHBEPCUU

CytlecTBeHHEBI nporpece B BBISICHEHHM XapakTepa CHMMETPHH
OTHOCHTEJNIbHO HHBEPCHH Oblj1 ZOCTHTHYT B HEJABHHX TEOPETHYECKHX
H 3KCIEePHMEHTAJbHBIX HcclenoBaHusix. K 3aMetanuaM H rumore-
sam JIu, fIHra u DMe B HacTosliee BpeMs Heab3sl NPuGABHTH HH-
Yero CyLiecTBEHHOTO, H BCe, YTO NPOHCXOLUIO NOTOM, OBLIO CKa3aHO
HI¥ N0 KpakHell Mepe nmoapasymeBadock Canamowm, Jlu, furom wu
OMe [5]. Bcro ocTpoTy paspbiBa cO CTapbIMH TIpelcTaB/eHUsMH, NO-
BHANMOMY, Jyullle BCEro H/UIIOCTPHPYET 3KCIEPHMEHT ¢ KOOaJbTOM,
nposefennblii By, OmGaepom, XeiiBapaoM, XomnmcoM H XaJCOHOM.

Tekymwuit no Kosbily TOK — HM MOXeT GHITb He3aTyXaloUiMi TOK
B CBePXNPOBOJHMKE — €03/ aeT MarHuTHoe mnoJe. Ko6ajabTOBbI HC-
TOYHMK HAXOAMTCSl B MJOCKOCTH TOKA M HCIYCKaeT B-4acTHIbl
(pur. 3). Bcs skcnmepuMeHTasbHasi yCTAHOBKA, KaK BHIHO U3 dur. 3,
o6najgaer MJIOCKOCTbIO CHMMETPHH, H €C/AHM NPHHIMI AOCTATOUHOTO
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OCHOBaHHSAl BepeH, TO IIOCKOCTb CHMMETPHH H0JKHA 6bljia 6bl CO-
XpaHUTbCA Ha MPOTHXKEHMH BCeH MAanibHeHliedl cyabOBl CHCTEMBL.
Muaue roBops, MOCKOJBLKY NpaBas M JeBas CTOPOHbI MJOCKOCTH
nepBOHaYalbHO 06Jafa/lH TOXKAECTBEHHEIMH CBOMCTBAMH, He Cylile-
CTBYeT AOCTaTOYHOTO OCHOBAHHA JAJA KaKOro Obl TO HH ObIO pasJH-
YHa B MX CBOHCTBaX H B OyayuleM. TeM He MeHee MHTEHCHBHOCTD
B-H3/1yueHHsa 1O OJHY CTOPOHY IIIOCKOCTH OKa3dblpaercs GoJiblile,
yeM no Apyrywo. Takast cuTyauusi napafoKkcalbHa He3aBHCHMO OT
MexaHusma sdekra.
Moxno paxe ckasarb,
4TO oOHa mpuobperaer
HaubOJBIIYI0O Napamok-
CaJbHOCTb HMEHHO TOT-
da, Korza Mbl 10J-

dur. 3.

Ipu TpaauumonHo# HHTEpNperTa-
UMA  9KCHEpHMEHTOB NO Hecoxpa-
HEHHIO YeTHOCTH HCXOAAT H3 Npej-
NOJIOXKEHHH O TOM, 4YTO HHBEpPCHS
UPUNAUIEKHT K YHCAY SJIEMEH-
TOB CHMMETDHH Bcex H3HYECKHX
3aKOHOB, . NOITOMY JIeBast 4YacTh
A durypbt mpencrabiasier coboit 3ep-
AnTuK ooaTem KanbHOE  OTpaKenHe  Mpapol.

TMpeanonaraercss, UYTO MaTepHs
npH OTPa’KeHHd NEPEeXOAUT B aH-
THUMATEPHIO: TOK 3JNEKTPOHOB MO
KOAbLY 3aMeHsieTC TOKOM MoO-
3HTPOHOB 10 KOJbLY, a pajHo-
aKTHBHBIR K06a/ibT — pagHoak-

THBHBIM aHTHKOGAJbTOM,

oo

HOCTbIO OTBJIEKAaeMCsl OT MeXaHH3Ma u TeopHH fABjeHHs. Ecau G6H
YCJIOBHS 3KCIEpUMEHTa MOIJIH CTaTh uJeaNbHbIMH B  YKa3aHHOM
BbIllE CMBIC/AE, TO [a)Ke MPHHIHN JOCTATOYHOTO OCHOBAHMs ObLI
6bl, MO-BUANMOMY, HapylleH.

EcTecTBeHHO HCKATh TaKYi0O HHTEPHPETALHIO 3KCNepHMeHTa, KO-
topas Onl maberasna CTOJb AaleKo HAYLIHX BBIBOLOB, U OHA Jefi-
cTBHTENbHO cyuiectByer '), Heo6xoaumo ellle pas MNOAYEPKHYTb,
YTO HEe3aBHCHMO OT TOrO, KakKasg HMEHHO HHTeplipeTalHs NpPHHATA,
NPHUXOAMTCH TPH3HATh, UTO CHMMETPHS MHpa Oelnee, ueM Mbl AY-
maau. TeM He MeHee Jaxke OCTaBlasicd CHMMETDPUA MOXKeT BKJIO-
4yaTh B ce6A HHBEPCHH.

Eciu BepHO, 4TO IVIOCKOCTb CHMMETDHM BCerja ocraercs ILIOC-
KOCTbIO CHMMETPHH, TO HauyaJbHOe COCTOfIHHE SKCIepHMeHTa ¢ KO-

1) [IpuBoaHMasi HaMH HHTepNpeTalus Gbla HE3aBUCHMO NpeNJIOKeHAa MHOTHMH
aBTOpaMH, CPelH KOTOPIX chleiyer na3paTe Canama [6], JNanpay [7], Cmura u
Bupnenxapa (quuHoe coobmienue). [lesep’ 3aMeTHa, uTO Ha <TPEBOXKHYIO BO3MOXK-
HOCTb» TaKOH HHTepOpeTalHu yKasbiBanu ewe Bux, Baiitman u Buruep [8], Ho
paccMOTpeHHE €e CUHTAJOCh HEJoM jajekoro 6ymymero. Pasymeercs, sBHOE efHHO-
Zylllie CTOPOHHHKOB KaKOro-H60 MHEHHS elle He CBHACTEILCTBYET O TOM, YTO OHO

NpaBHIbHO, ’
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6aJjibToM He MOTJIO 00sajaTth 3epKaJibHOH cuMMeTpuedl. Huoe geno,
ec/in 6bl MarHHTHBIl BeKTOD OblJ MOJIADHBIM, — B 3TOM c/yYae 3JeK-
TpPHUECKHHA BeKTOp OBl Obl aKcHaJbHBIM. TOoria mioTHOCTH 3apsija
M JUBepreHUys 3JEKTPHUECKOrO BeKTopa Oblin Obl He MPOCTO CKa-
" AsipaMH, Kak B CyLIecTBYIOLlefl HblHE TEOPHH, a NMCEBAOCKAJSPaMH.
3epKasibHOe OTpaXKeHHe OTPUUATENLHOTO 3apAga 6bljI0 OBl NOJIOKH-
TeJbHBIM 3apAJO0M, 3€pKaJbHOe OTpaxkKendHe 3JEKIPOHA — IO3HTPO-
HOM, U Ha000poT. 3epKasbHOe OTpaxkKeHHe MaTepuH Oblio Gbl AHTH-
maTepueil. B3ragHys Ha 3KCmepHMeHT ¢ KoGaJbTOM B 3epKaJjo, Mbl
He yBujAesn Obl HUYero, YTO MPOTHBOPEUHJO Obl YCTAHOBJEHHBLIM
dbakraM: 3epKajbHOe OTpakKeHUe ObLJIO OBl SKCHEPUMEHTOM, MPOBO-
IMMbIM Haj antuMatepuell. Ha ¢ur. 3 cnpaBa nokasaHo 3epKaJb-
HOe OTpaxeHHe JieBOH uacTH pHcyHKa. Takum obpasoM, fonyuieHue
00 aHTEMaTepuH KaK O 3epKaJbHOM OTpaKeHHH MaTepun usbas-
JisleT Hac OT Heo6XOAMMOCTH OTKa3blBaTbCA OT MPHHUHMIA A0CTATOY-
HOTO OCHOBAHHS W OT COXPAaHEHHdA IJIOCKOCTeH CHMMETpPHH.

Ecau Bocnosb3oBaThbesi clellMaJdbHONH TEPMHUHOJOTHEH, TO TOJb-
KO 4TO pacCMOTPEHHYIO BO3MOXHOCTb, COTJIACHO COBPEMEHHBIM BO3-
3peHHaM, clejoBasjo Obl ONHCATh KAk HCKAIOUeHHe omepanuii HH-
BEepPCHH H 3apAN0BOTO CONDPSIZKEHHs M3 YHCJAA HMCTHHHBIX Onepauuil
cumMmerpuu. OjHakKo mnpousBeleHHe NpeoGpasoBaHHil HHBepPCHH H
3apfJOBOrO COINpSMEHHA MO-NPEKHEMY CUHTAETCA omepalueil CUM-
MeTpUH, ¥ MHl TpedsgaraeM Ha3BaTb ee Npocto wHHBepcuedl. He-
CKOJIbKO 3aMeuaHufl GoJjlee crelHa/bHOTO XapaKTepa OTHOCHTENbHO
«MPOCTO HUHBEPCHH» COAEPXKHUTCH B mnpujoxkennn 2. Toapko uto
BHECEHHOe TpeJJIoXkeHHe HMeeT J[Be CTODOHbLI: OJHY — BecbMa NpH-
BJIEKATEJIbHYIO, JIPYTyio — BeCbMa TPEBOXKHYIO.

IMpoananusupyeM cHayaJa MPHBJAEKATENbHBIN aclekT Haulero
npennoxenusa. Jyupak Kak-To cKasaj, YTO UYHCJO 3JeMEHTapHBIX
YyacTHU OOHAPYXKHBAaeT TPEBOKHYIO TEHAEHLUMIO K BO3PACTAHHUIO.
TpydHO yAepxaTbcs OT HCKYIIeHHSI M He J00aBUTb, Y4TO H YHCJO
HHBAapHAaHTHBIX CBOMCTB TaKkKe o6/ajaeT aHAJOTHYHON TeHAeHUMe.
OpHako BTOpasi TEeHAEHIHS He BLI3bIBAET Y HAC TaKHX ONAaCeHHil,
KaK mnepBas, w60, B TO BDEMs KaK yBEeNHYEHHe YHUCJa 3JAeMeHTap-
HBIX YaCTHI YCJOXKHSET Hally KAapTHHY NPHUDPOAbI, yBeJHYEHHE UHC-
Jla CBOHCTB CHMMETPUH B LIeJIOM JIHIUb ympollaeTr ee. TeM He MeHee
YeTKOe COOTBETCTBHE MeXJy CBOHCTBAMH HHBAPHAHTHOCTH 3aKOHOB
NpUpOAbl M CBOHCTBAMH CHMMETDHH NDPOCTPAHCTBA-BPeMEHH O0CO-
feHHO 3aMeTHO HapyllaeTcss ollepallded 3apAfOBOrO CONpSKEHHS.
Hcnonb3ys 3Ty onlepaudio, Mbl HeSBHO HpeldIojaraeM, YTO 3aKOHHI
NPUPOABl He HM3MEHATCH, eClH BCe MOJOXHTeNbHble 3apsiisl 3aMme-
HHTb OTPHIATeNLHBIMH U HA000pOT uau (IpH Gofee WHPOKOH Tpak-
TOBKe 3apSJOBOTO CONPSI?KEHHS) eCJH BCe YaCTHLbl 3aMEeHHUTb aHTH-
yacruuamu. [locTysat 06 MHBaDHAHTHOCTH 3aKOHOB MNPHPOABI OT-
HOCHTEJbHO 3apsf0BOTO CONPSIKEHHS, XOTA U CUHTAETCS PAa3yMHBIM,
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He OTBeuaeT HUKAaKOfi CHMMETPHH NPOCTPAHCTBEHHO-BPeMEHHOro
KoHTHHyyMa. Ecanm 6n M3/0KeHHas Bbllle HHTepNpeTaLUst 3JKcIle-
PUMEHTOB ¢ KOGaJbTOM NOATBEpAMJACh, TO 3TO 03Ha4aJ0 6bl BOC-
CTaHOBJIEHHE COOTBETCTBHSA MeXKJy ecTeCTBEHHOH CHMMeTpHel 3Je-
MEHTOB MPOCTPAHCTBA-BPeMEHH U MHBADHAHTHBIMH CBOACTBaMH 3a-
KOHOB npupoAbl. [lpaBra, MJOCKOCTH CHUMMeTDHH Hrpaju Obl c¢o-
BCEM HHYIO POJb, YeM Ta, K KOTOPOH Mbl IIPHBHIKJIH, — 3€PKAJIbHLIM
OTpaxeHHeM 3JieKTpOoHa OBl OB MO3HUTPOH, — HO 3aTO 3€PKAJbHBIM
oTpaxkeHueMm JOGOH MOCaeI0BaTeNbHOCTH COOGbITHH O6bLIa OBl PaB-
HbIM 00pasoM AONYyCTHMas MOcJeloBaTesbHOCTh cobbituil. Ocyuie-
CTBHTb TAKYyH0 AONYCTHMYIO MOCJAeA0BATENbHOCTb COOBITHH B peaib-
HOM (usnueckoM Mupe Oblo Obl TpyJAHee, 4eM Mbl AyMaJu A0 CHUX
HOp, HO TEM He MeHee OHaA BIIOJHE BO3MOXKHA.

VIMeHHO B BOCCTAHOBJIEHHH COOTBETCTBHUS MeXAY eCTeCTBeHHHI-
MM CBOHCTBAMH CHMMETPHH NpPOCTPAHCTBA-BpEMEHH, C OAHOH CTO-
POHBI, ¥ 3aKOHAMH TPHPONBL, ¢ APYrOH CTODOHBI, M 3aKJHOUAETCH
npuBJeKaTeNbHAsi CTOPOHA Hamlero npefjoxeHusi. B npelicTBurenb-
HOCTH e OHO 00jafaeT M ABYMSA TPeBOMXKHBIMHU aCHEeKTaMH.

[TepBBIfi M3 HHX COCTOMT B TOM, HYTO OllepalUsl CUMMeTpHUH ¢u-
3MYecKH OueHb ca0xkHa. Eciam 6Bl okasasoch, 4To onepanusi obpa-
IleHHsT BpPeMeHH B TOM BHIe, KaK Mbl IIOHHMaeM ee cedyac, He
IPUHALJICKHT K UHCIY omepauuit cUMMeTpHH (Tak Oblio OBI, Ha-
npuMep, ecaun Obl OXMH H3 npeJoxeHHBIX Tpefimanom u Busapgom
IKCIMIEPHMEHTOB [1aJ NOJOXHTEJbHBIH pe3y/abTaT), MBI BCe e MOT-
Ju OBl COXpPaHHUTbH 3Ty ONEepalHI0o CHMMETpHH, TIpHAAB el HHVIO HH-
teprnperaunio. Hanpumep, MOXHO OblI0 OB NOCTYJHPOBATH, YTO
ofpallleRHe BpEeMeHH NEPEBOJMT MAaTePHI0 B METQ-MAaTEPHIO, KOTO-
pas GyzaeT OTKpbiTa NO3JHee, Korxa OyAyT nocTpoeHsl Oojee moil-
Hele yckopuTejgd. TakuM 00pa3oM, CTpeMJieHHE COXPaHHUTb MJIOC-
KOCTM CHMMETPHH BLIHYXJAaeT HAC NPHHATb 00Jee HCKYCCTBEHHYIO
KOHLIENIMIO CHMMETPHH H HHBAaPHAHTHOCTH ()U3HUECKHX 3aKOHOB,

Jpyro#i TpeBOXKHBI acmeKT Haillero HOBOTO 3HAHMA MBI yCMaT-
pHBaeM B TOM, YTO CTOJIb AOATO 3a0JyXKAaJHCh, Beps B CYNIECTBO-
BaHue OGOMBLIErO UKCAA 2JIEMEHTOB CHMMETPUH, UeM HX HMeeTcs B
JeHCTBUTENBHOCTH. ¥ Hac OBbIM BeCKHe INPHYHHBI H JOCTATOYHO
yOe UTeNbHBIE JKCIepUMEHTAJbHElE JaHHBIE JJA TOTo, uTOOH cyu-
TaTb, 4TO 3€PKaJbHbIM OTpaKeHHeM JONMYCTHMOTO COOBITHSI CHOBa
fBJIieTCA JONYCTHMOe cOOBITHE, B KOTOPOM 3JIeKTPOHBI BBICTYNAIOT
B KayecTBe 3epPKaJbHBbIX OTPAXKEHHUH 3JEKTPOHOB, a He NMO3HTPOHOB.
HanomuuM B 3TOH CBA3H CcHayaJja, KakHM o0pasoM INOHATHE dYer-
HOCTH, BO3HHKUIEE U3 H3SILIHBIX, HO NOYTH 3a0BITBIX 3KCIIEPHMEHTOB
Jlanopra [9]!), kasasocs coBepieHHO He3bIOJEeMBIM B CIEKTPOCKO-
nuu ¥ B sAjnepHofi Pusnke. UeTHOCTb MOXKHO OBLIO BECbMa eCTeCT-

1) Wnrepmperauns npasuia Jlamopra ¢ MOMOMbIO KBaHTOBomexaHmecxou
onepauHi cuMMerpHH Aana B 1. XVIII kuuru Burnepa [10].
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BEHHO OODBSCHHUTb KaK CJeJCTBHe CHMMETPUH NpPOCTPaHCTBAa-Bpe-
MeHY OTHOCHTeJNbHO HHBepcuH. [lpw 3ToM mnpeanonarasoce, 4To
9JIEKTPOHBI NPH 3epKa/JbHOM OTPa’KEHHM MepPeXOIsiT CHOBA B 3JIEKT-
POHBI, a He B IIO3HTPOHBL. HbiHe MBI BLIHYXXJEHb NPU3HATH NPHOJIH-
JKEHHBIH XapakTep 3TOH CHUMMETPHH M CYMTATh, YTO MOHATHE YeT-
HOCTH, LIHPOKO HCIIOJIb3yeMOe B CIEeKTPOCKONHH H B siepHOH (H-
3MKe, TaKXXe HOCHT JHIUb NpuOanKeHHbIH Xxapakrep. Eute GoJbluee
3HaueHHe HMeeT OOLIMpHAs 3SKCIePHMeHTaJbHass HHpopMauus wu3
06J1acTH XVMHH ONTHYECKH AKTHBHBIX BeluecTB. Kaxjoe Takoe Be-
LIECTBO CYIIECTBYeT B JABYX MOAH(PHKAUUAX, MEPEXOAANHX APYL
B JApyra IpH 3€pKaJbHOM OTpaXKeHUH W MOBOPAUUBAIOIIHX B TMPO-
THBOMNOJIOKHBIX HaNpaBAeHUAX MJOCKOCTh 10JSpU3auuy cBeTa (MH-
TEHCHBHOCTb IIpOIIEJINero cBeTa B OOOMX CJAy4aaX CTPOro OJMHA-
xoBa). He BbI3biBaeT coMHeHH!I TOT (aKT, YTO MoJleKyJabl, 06Janan-
mHe MJIOCKOCTSIMH CHMMETPHH, ONTHYECKH aKTHBHHL. CTOJb Ke He-
COMHEHHO CYLIeCTBOBaHHe NJIOCKOCTeH CHMMETPHH B KpHcTasuiax 1),
Bce 3T GbaKTEl CBHAETENBCTBYIOT O CBA3M MeXKAY CBOHCTBAMH Hpa-
BO- W JIEBOODHEHTHPOBAHHOA MaTepuu, HO OTHIOAb He O CYILECTBO-
BAaHHH CBSI3H MexKJy CBOHCTBAMH NpPaBOOPUEHTHPOBAHHON MaTepuH
H JIeBOOPUEHTHPOBAHHON auTumarepuu. HoBble SKcmepHMeHTH He
OCTaBJISIIOT COMHEHHS] B TOM, UTO IOHATHe IJIOCKOCTH CHMMETDPHH,
IIOHHMaeMOe B yYKAa3aHHOM BEILEe CMBICJe, MIPUMEHHMO He KO BCeM
SIBJIEHHSIM, B YAaCTHOCTH OHO HeNpUMeHHMO K f-pacnany. Ecnau yuu-
BepcasbHOe MOHSITHE IVIOCKOCTH CHMMETPHH BOOOlle CYIIECTBYET,
TO JIHIIb B TOM CMEBICJE, UTO MAaTepHSl TIPH OTPaKEHHH TepPEeXOAUT
B aHTHMATEpPHIO.

Caenyer 3aMeTUTh, YTO IJIOCKOCTH CHMMETPHH B cTapoM NOHHMA-
HYH — JaJeKO He eIHHCTBEHHOE MOHATHE, CBSI3aHHOE C CHMMeTpHel
H Hocflllee NpUO/MKEHHBIR xapakTep. Mbl yXe YNOMHHAlIH O 3a-
PSAOBOM COIpsiKeHHH. MOXKHO Ha3BaTb ellle M30TONMHYECKUH CIUH,
0o6MeHHOe B3aWMOJAEHCTBHE HJIHM MYJbTHILIETH 3JEKTPOHOB H slep.
i nocaefHux npubiHkKeHHe 0OMEHHOTO B3aHMOAEHCTBUA OKa3bl-
BAaeTcA HACTOJbLKO TOUHLIM, UTO, JIHIIb PA3PYIIHB CHAua a MOJEKYJILI
napa-BOAOpOAa, UX YAaeTcss NPeBPATHTb B MOJEKYJbl OPTO-BOAOPO-
Ia [32]. Takum oOpa3oMm, npuOAHIKEHHBIH XapaKTep 3aKOHOB CHM-
METpHH — sIBJIeHHe BeCbMa paclIpoCTpaHeHHOe, a MoxeT OblTh, M
oGilee. B 270l cBA3M HeJb3sl He BCIIOMHMTL TaK Ha3biBaeMBIN TPUH-
uun Maxa, cOr1acHO KOTOPOMY 32KOHB! IPUPOIB! 3aBUCHT OT (HH3H-
YECKOTO «COflepKuMoro» BcesmeHHON — pacnpejleieHus B Hell Mmare-
pum, a QusMueckoe «cojep:kuMoe» BceneHHON sABHO He obJjajaer
cuMMerpueil. HeBoJIbHO HampalMBaeTcss MbICAb (B ayxe Hieil fInra
u JIu) o ToM, uTo BOOOILle BCce CBOMCTBZ CHMMETDHH HOCAT JHUIb
npubauxennwiii xapakrep. Camoe cjaGoe U3 H3BECTHLIX B3aUMO/Jei-

1) OrrocutenbHo o onepaTtopoB NPOCTPAHCTBEHHON HHBEpCUM M OOpAILEHHSA
BpemeHH cM. paboty [11] u yKasaunyio B-Hell juTepartypy.
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CTBHA—TPaBUTALLHOHHOe—OOYCJAOB/IHBAET pas/uyue MEXIAy HHep-
IHAJbHBIMY CHCTEMaMH KOOPAMHAT H CHCTeMaMH KOOpJAHHAT, ABH-
KYUIMMUCSA ¢ YCKOPEHHeM; cledylollee B MOpsJKe BO3PACTAHHSA HH-
TEHCHBHOCTH -— ¢1a60e B3aUMOJeHCTBHE, oOTBevawmee 3a f-pac:
naj, — NPUBOAHT K DPa3/JHUYHIO MeXIy MaTepHedl M aHTHMaTepHel.
B 3akJjiouyeHHe 3TOrO pasjiesa sl X04y BHIPA3HTb YBEPEHHOCTb B TOM,
yto OTKpbiTusi By, DMOaepa, Xelisapna, Xonnca u Xaacona {12} u
TapBuna, Jlenepmana u Bafinpatixa [13] (cm. Takxe [14]) He ocra-
HyTCS M30JMPOBAHHBIMU OTKPHITHAMH. CKOpee OHM FBATCH BECTHH-
KaMH [epecMOTpa HalHX INpeACTaBJeHHH 00 HHEaPHAHTHOCTH,
a MOXKeT ObiTh, M ADYTHX KOHIENLHH, KOTOPhle HblHe MOJb3YIOTCH
ele GoJsbluell cnaBOH He3bIGleMbIX.

KBAHTOBBIE OrPAHHUYEHHSA TMOHATHM OBUIEV TEOPHH
OTHOCHUTEJIbHOCTH

[MocsenHee 3aMeuaHHe, €CTECTBEHHO, NPHUBOJAHMT HAc K aHAJH3Y
obuiefi Teopud OTHOCHTeJbHOCTH. OCHOBHAA NPeANoChIKa 3TOH Teo-
PHH 3aKJjiuaercs B TOM, YTO KOOPAHHATHI CYKaT JHUb APJ/bIKaMH,
INOMOTAIOIIMMH pa3JjiHyaTh TOUKHM IPOCTpaHcTBa-BpeMeHH. MX KoH-
KpeTHble 3HaueHHs He HMeIOT 0co0Oro cmbic/a, ec/lH TOJbKO CH-
cTeMa KOODAHMHAT He CBA3aHa KaKHM-JH00 00pasoM ¢ COOLITHSMH
B NpPOCTpPAaHCTBe-BpeMeHH.

PaccMOTpHM BONPOC O TOM, KaK IIPOBepUTh ypaBHeHHs oGliel
TEOPHU OTHOCHTENBHOCTH. DTU YpaBHeHHS, TaK XKe Kak W BCe ypas-
HeHUs] GH3HMKH, [O3BOJSIOT HaM, 3HAA CHTY4aLHI0O B HACTOSILIEM,
npejickazaTb HauboJee BEPOATHOe Pa3BHTHe COOLITHH B Oyayuiem.
BesnunHbl, onpelessiomite COCTOAHHE B HACTOAMMA MOMEHT, Ha3bl-
BAIOTCSl HAYaJIbHBIMM YCJIOBHSIMH; ypaBHEHHA JBHXKEHHS OMHUCEIBAIOT
H3MeHeHHe 3THX BeJuYnuH. B TeopHHM OTHOCHUTENbHOCTH COCTOSIHHE
XapaKTepHsyercsl 3aJaHHeM MeTPHKH, cocTofliefl M3 CeTH ToueK
B IIPOCTPAHCTBE-BPEMEHH, T. €. M3 CEeTH COOLITHH M M3 PACCTOAHHH
MeXJY 3THMH COObITHAMH. Ecay MBI XOTHM NpeBpaTHTb 3TH 00-
[Me OnpejeNeHUs B HEUTO KOHKPETHOe, TO HAM CJeldyeT PeuluTh,
Kakde COOBITHS MBI XOTHM BbIGpaTh B KauyecTBe ONOPHLIX TOYEK H
KaK H3MepATb PAacCTOSHHA MexAy coObirusmi. MeTphka B o6umefi
TEOPHH OTHOCHTEJBHOCTH — 5TO MeTPHKAa B NPOCTPAHCTBE-BPEMEHH;
ee 37eMeHTaMH CJYyXKAaT PAacCTOAHHS MeXAy TOUKaMH NpOCTPaHCTBA-
BpeMeHH, a He MeXAYy TOYKaMH OOLIYHOIO MpPOCTPAHCTBA.

Co6uiTusiMu B 06liell TEOpHH OTHOCHTENLHOCTH CJYKAaT COBHA-
LEHHsI, T. €. CTOJKHOBeHHSI Mexay vactHuami. Cosjatesb Teopuw,
paspabaThiBas 3TO MOHATHE, IBHO HMeJ B BHAY MaKPOCKONMHYECKHe
tena. CoBnafenus, T. €. CTOJKHOBEHHS MEX/Iy TAKHMH TeJNaMH, He-
NOCPeACTBEHHO HabJiofaeMbl. B ciyyae 3/jeMEHTapHBIX YACTHI[ 3TO
yXKe HeBepHO, HOO HX CTOJIKHOBEHHfl rOpa3fio MeHee YJ0BHMbL Tou-
Ka, B KOTOPOil IPOUCXOAMT CTOJKHOBEeHME ABYX 3JeMeHTapHbIX ya-
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CTHU, MOXeT OBITh JIOKAJH30BaHa C JOCTAaTOYHOH TOYHOCTHIO JHIIb
ApH OYeHb BLICOKHX 3HEPrusiX COyJAapeHHs (CM. NpujoxeHue 3).
3710 03HaAYaeT, YTO CO3JaHHe B MPOCTPAHCTBE-BPEMEHU MOL{HON CeTH
TOYEK HJIH (€C/H TOUKH JOJAKHb ObITb COEJHHEHbI B CBSI3HYIO CETb)
rycTOro Jeca MHPOBBIX JHHHH TpebOyeT 3HAUMTEBHON IJOTHOCTH
sHeprun. TeM He MeHee yKasaHHOe OGCTOSITENBLCTBO HeT HEODXOIH-
MOCTH o00cyXJaTh NOAPOOHO, HOCKOJLKY H3MepeHHe pacCTOSHHM
MeXAYy TOYKaMH CeTH Hajaaraer 0oJiee KeCTKHE OrpaHHYEHHA, UeM
NOCTPOEHHE CaMOHl CeTH.

Yacro roBopAT, 4TO PacCTOSHHA MeXKAY COOLITHAMH HaLJeXHT
H3MepATh ¢ NOMOIWUBIO JIHHeeK ¢ NeJIeHHAMH H crepxkuel. Mb xe
OoOHapYXKUJ/IH, YTO U3MepeHHs, NPOBOAHMBIE C IOMOINBLIO JHHEEK H
cTepIKHel, Ype3BblYaifHO TPYLHO OMNUCBHIBATb, H WX HCIOJIb30BAHHE
NPUBOAUT KO MHOI'MM HeHYXHBIM YCJOXKHeHHsIM. JluHeilika noaso-
JifleT NMpaBHAbHO HaHTH DacCTOAHHE MEKAY COOLITUSIMH TOJBKO B
TOM cJyyae, ec/li ee JeJieHHs ONHOBPEMEHHO (C TOYKH 3peHHs CBsi-
3aHHOH C JHUHEHKOH CHCTeMBl OTCYeTa) COBNAAAOT C JABYMA COGBI-
ruaMu. Kpome TOro, nMuHeAKy TPYAHO NpeACTaBHTh cebe B BHIe
yero-HUOyAb HHOTO, KpOMe MaKpOCKOmHYeckKoro obbekra. B cuay
3THX IPHYHH 2KeJaTeJbHO CBECTH BCe U3MePeHHS B HpPOCTPaHCTBe-
BpeMeHH K HM3MepeHHsM ¢ MOMOIIbI0 4YacoB. Pasymeercs, ¢ mno-
MOILbIO YaCOB MOXKHO HENOCPeACTBEHHO H3MepAThb JHIb pPaccTos-
HHe MexXJAy TOYKaMH, pa3jeIeHHbIMH BpeMEeHH-NOLOOHBIMH HHTEp-
BajaMu. Paccrosnua MeX1y COOBITHAMH B NPOCTPAHCTBE-Bpe-
MeHM, pasje/eHHbIMH NPOCTPAHCTBEHHO-NIOAOOHBIMU HHTEPBaJaAMH,
ropasf0 ecTeCTBEHHee. HU3MepsTh ¢ MOMOUIBI0 CTepxHell u JHHeekK,
H MB OyJeM H3MepATh HX C MOMOLIbI0O YacoB He MpsMO, a Koc-
BEHHO.

Takum obpasoM, mpocreiimiass (B npH 3ToM HauGoJee GaH3Kas
K MUKDOCKOIIMYECKOH) cHcTeMa OTCieTa B IIPOCTPAHCTBe-BPeMeHH
npencraB/sieTcds HaM B BHAe Habopa 4acoB, OUeHb MeJJeHHO IBH-
KYUIMXCSA OTHOCHTEABHO APYT Jpyra Tak, 4YTO HX MHPOBHIE JHHHH
NOYTH NapaJ/iuleNbHbl. DTH Yachl, THKas, OTMEDSIOT paBHLIE IPOMe-
XKYTKH BpeMeHH. TuKahbe yacoB M o6pa3dyeT Ty caMyio ceTb cOBbI-
THH, KOTOPYI0 MBI XOTHM YCTaHOBUTb. BMecTe ¢ TeM OHO ompene-
NsieT PacCTOSIHHE MeXAY COCeAHHMH TOUKAMH, JIEXKaWUMH Ha OAHOH
MHPOBO! JIHHHUH.

Ha ¢ur. 4 usobpaxkenbl JABe MHPOBbie JIMHHY, HA KaXkKJoH H3
KOTOPBIX OTMEYeHO M0 OAHOMY COOLITHIO — IO OAHOMY MOMEHTY,
KOT[a 4achl, AJIsi KOTOPbIX MOCTPOEHBI 3TH JHHHH, THKHYIH. Criocob,
M03BOJIAONUA H3MepATh AJHHY NPOCTPAHCTBEHHO-NOJNOOHBIX HHTEp-
BaJjioB, siceH K3 ¢urypnl. CBeToBOH CUTHAJ, NOCBLIAEeMBIl M3 MHpO-
BOJl TOUKH, Ile HaxOJAsATCH nepBble 4achl, JOCTHTaeT BTOPHIX YacOB
B TOUKe, Tle NpOHCXoAuT coObitHe 2. M3 3TOH TOUKM B CBOIO OYe-
pelb MOCHLTAIOT CBETOBOH CHTHAJ, KOTOPBIA AOXOAMUT RO NMEPBLIX 4a-
coB cmycta BpeMst £’ nocje coGbitha 1. Bbluucaenus, npHBeleHHbIe



72 1. Cummerpus u dpyeue uauueckue npotiiemot

B MNPHJIOXKEHHH 4, MOKa3plBaIOT, 4TO ecad Obl NepBbId CBETOBOH
curHa’ GeLT HCIylieH Ha BpeMs ¢ paHblie coObiTHA 1, To mpocTpas-
CTBEHHO-IIOI00HEIH HHTEpBaJd MeXKAy coObTHsAMH | B 2 GblI Obl pa-
BeH CpeiHeMy TeOMeTPHUYECKOMY JABYX HeNOCpeICTBEHHO H3Mepse-
MBIX (C MOMOLIbIO YacOB) BPeMeHH-MOJOOHBIX HHTepBasioB ¢ u 1.
B 2TOM H CcOCTOHT cnoco0 H3MepeHHs AJHH IPOCTPAHCTBEHHO-IIO-
OOGHBIX HHTEPBA/JOB C MOMOLIBI0 4YacOB BMECTO H3MepHUTeJbHBIX
CTepiKHeH.

HHTepecHo paccmorpeTh KBAaHTOBOMEXaHHUeCKME OrpaHHYCHHS
TOUHOCTH n300pakeHHOTO Ha ¢ur. 4 cnocoba npespallleHHs H3Me-
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,§ @ ur. 4. Hamepenne npocTpaHCTBEHHO-NOLOGHBIX
8 pacCTOSIHHE ¢ MOMOUIBIO YacCoOB.

3

N Ipenmnonaraercs, 4TO0 B Npedesax uaoOpaxenHofl Ha du-
$ Muposaﬂ Mupoaaﬁ rype o6nactu IPOCTPaHCTBA-BPEMEHH  MeTPHYEeCKHit
i kg 1 kg 2 TeE30p CyllecTBeHHo uoctosiHed. IIpocTpaHcTBeHHO-NO-
5

no6Hoe paccTosiHHe MexXAy coOblTHAMH 1 n 2 usMeps-
Iipocmpaﬂcmaeﬂﬁa—ﬂoﬁoo‘ﬁoe erTcsi € [MOMOIULI0 CBETOBBIX CHIHAJOB, [POXOISIIHX

yepes cobbiTHe 2, H reofesnyeckKoH JIHHHH, NPOBEAEHHOH
Hanpashenie gepes cobuirne 1. (OGbsAcnenne M. B NPHIOKEHHR 4).

peHHsl BPEMEHH-NOJOGHBIX MHTEPBA/JOB B H3MepeHHe NpPOCTPaH-
CTBEHHO-TION0GHBIX nHTepBasoB. OTpesku BpeMeHH f U ¢’ TOUHO H3-
BECTHH JHIIb B TOM cJyuae, €clu CBETOBOW CHIHAM M[OCHIIAeTCs
B BHJe OCTPOTO HMIy/bca. DTOT UMIYJ/bC COCTOHT M3 MHOTHX Ya-
CTOT, H, CJIeJ0BaTeJbHO, ero 3HepreTHIecKHH crekTp obaanaer onpe-
JleNleHHON WHpuHOH. B pe3dyabraTte oTAaya, UCIBITBHIBAeMast BTOPbIMH
yacaMu NOHX AeHCTBHEM HMIyJbca, Takke Gyner o6Jajgath H3BecT-
HOl HEONpeNeNeHHOCTbIO, YTO ITPHBENET K YBeJWUEHHIO Heompeje-
JIEHHOCTH MMMYyJbCa 4acoB. Bce 3TO TeCHO CBsi3aHO C COOTHOLIe-
HueM HeonpenedeHHocTH [eitsenGepra. Bosee noApoGHble BbIYHC-
JIeHHS TIOKa3biBalOT, 4TO BHECEHHas HMIYJbCOM AONOJTHUTENbHAS
Heollpe/leJIeHHOCTb 110 MOPSAKY BeJHUHHbl CPaBHUMA C HeoNpeleJieH-
HOCTBIO, MpHCYLlell caMoil MpHpoJe CaMbIX JYUYLIHX 4acoB, Kakue
TOJIBPKO MOXKHO cebe MpenCcTaBHTb, BCJEJACTBHE 4Yero «BpeMeHH-Io-
HoGHbIe»> H3MEPEHHS] MOXKHO IPaKTHUeCKH 0e3 BCSAKMX OTrpaHHuYeHHH
3aMEHSITb «NPOCTPaHCTBEHHO-TIOJOOHBIMH» H3MepPeHHSIMH.

MBI, HakoHell, MOJOWIIH K OOCYKIEHHIO OJHOH M3 OCHOBHBIX
npo6iaemM — npoGJeMbl NpeJeNoB TOUHOCTH uacoB. PaccmarpuBas
ee, Mbl NMPUNUIM K 3aKJOUYEHHIO, YTO Ha TOYHOCTb YACOB, KOTOpHIE |
MOMIKHBI UMeTh JAaHHBEII Bec, ofipejesieHHble pasMepnl M HATH B
TeyeHHe 3apaHee YKa3saHHOTO MNpPOMeXKYTKa BpEeMEHH, HaJIOXeHbI
BecbMa xecTkue orpannyeHusi. CyTb ux CBOAMTCA K TOMY, 4TO 4a-
cbt — 00beKT HeMHKpPOCKONHYeckMA. B 4YacTHOCTH, TO, 4TO MHl He-
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CKOJIBKO TYMaHHO Ha3blBaeM aTOMHBIMH YacaMH — OTAEJNbHLIH aTOM,
OTCUHTHIBAIOIIMI paBHBIE NPOMeXKYTKH BpPeMEHH, — 3aB€IOMO INpej-
cTaBiseT HJealH3alHIo, MPOTHBOPEUAN(yl0 OCHOBHEIM IIpejCTaB-
JeHHsSIM 00 H3MePHMOCTH. DTy 4acTb HAUIMX BBIBOJLOB CJAENyeT CUM-
TaTh BIOJIHe 00ocHOBaHHOH. C Apyroll cTOpoHH, NpaKTHYeCKy1O dop-
MyJay, Kotopasi OynmeT MNpHBefeHa MJs BbIYMCIEHHS OrpaHHUYEHHI
TOYHOCTH H3MepeHHUs BPEMeHH, — CBOEr0 pOJa COOTHOIIeHHe Heol-
pelesieHHOCTH — HaJJIeXXHT paccMaTpPUBaTh JHIIb KaK Jydyllylo B
HacTosllee BpeMs NPUOIHKEHHYIO OLEHKY.

Cdhopmynupyem rtpebGoBaHusi, mpeabsiBiaseMble K yacaM. Yacw
JOJZKHBEl MATH B TeueHHe T cex, MO3BOJNATb U3MepsATh BpeMs ¢ TOU-
HOCTBIO T/n =t cek, JiMHelHBle pasMepbl UacOB He NOJ/IKHBI Ipe-
BOCXOAMTb [, a HX Macca He RoJkHa mnpeBnimiath M. [lockonbky
CTpesJKa 4YacoB JOJIKHA 3aBHMAaTb A DA3JIMUHBIX IOJOMXKEHHUH, CUCTe-
Ma, KOTOPYIO NPEeICTaBJAsiOT co6oit uwachl, 3a Bpemsi T [oakHA
ycrners nobbBaTh Mo KpalHell Mepe B A OPTOrOHAJABHBIX COCTOSI-
HHUAX, NO3TOMY COCTOSIHME CHCTEMBI JOJIKHO GBITh CYNepno3HLue no
KpaliHell Mepe n OpPTOrOHaJbHBIX cocTodaHuUIl. Kpome Toro, sicHo, 4To
cHCcTeMa, TOJIHAS JHEPTUsl KOTOPOi MeHbllle HWJad paBHa lift, ne Mo-
ET U3MepHATh NPOMEXKYTKH BPEMeHH, MeHbllHe {. IDTO yTBeprKie-
HHe 3KBHBAJIEHTHO OOLIYHOMY COOTHOINEHHMIO HeOmNpele/eHHOCTH.
O6a ykasaHHBIX TpeOOBaHHUA CJAEAYIOT HEIOCPeACTBEHHO H3 OCHOB-
HBIX NPUHIMIOB KBAHTOBOM TEOPHHU, H B HHUX HET HHYEro HEOXKHIaH-
Horo. Yacwl, yaoBjeTBOpAIIMEe OGOHM MOCTYJaaTaM, H3BECTHH; Ta-
KOB, HallpuMep, OCHUJLIATOP, Y KOTOPOTO NepHOJ paBeH 3aBOAY ua-
COB H KOTODBIl C OAYHAKOBOH BEPOATHOCTBIO MOXKET HaXOAHTbCH
B JIOOOM H3 7 NEepBbIX KBAHTOBLIX COCTOSHMH. DHepPrud Takoro oc-
LuAAsiTOpa NpUOMU3UTENbHO B n pa3 GoJibllle 3HEPTUHH IEPBOTO
B030YKIEHHOTO COCTOSIHHA. DTO 3KBHBAJIEHTHO COOTHOIIEHHIO He-
ONpeJeseHHOCTH ¢ MHTepBaJoOM Af, paBHBIM TpeOyeMoOl TOYHOCTH f.
Boo6ule rosopsi, wachl BHOJHE JOMNYCTHMO pacCMaTpHBaTh Kak
OYeHb MSATKHH OCUMJJIATOPp ¢ KpaliHe MeIJIeHHO ABMKYIieidca ua-
CTHLeHl ¥ BecbMa GoJgblioil amMnantyfo#l. Crpeska 4acoB COOTBerT-
CTBYET IOJOKEHHUIO OCHH/JNHDPYIOLeH YaCTHUILHL.

Yacel, 0 KOTOPBIX MBI TOJbKO UTO paccKasaJH, BCe ellle OCTaloTCs
Yype3BbIYaHHO JIETKHMHM, HO TYT, OJHAKO, HACTyMaeT MOMEHT, KOria
Mbl JOJIKHBI yuecTb TpeGoBaHHe 06 OrpaHHUYEeHHOCTH HX JHHEHHBIX
pasmepoB. [TockosbKy 3Ty npobjeMy He HMeeT cMbicja paccMmar-
pHBaTh BO Bcell OOLIHOCTH, MOXKHO INpPeANOJIOKHTh, YTO XapaKTep-
Hbl JinHelHbIH pasMep cOOTBeTCTBYeT TpebyeMoH TOUHOCTH H3Me-
peHnsi BpeMmeHu. TpebGoBanue [ = ¢f yBeqHYHBaeT Maccy YacOB B
nd pas, u 3T0T KO3h{dulUHeHT Moxer OHTb OueHb 60Jb-
HIHM:

n3ht nh
m> el el
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HanpuMep, yacel ¢ CyTOYHBIM 3aBOJAOM H TouHOCTblo 1078 cex noa-
JKHbl BECHTb NOYTH | & (o NpHYHHAM, NPOUCTEKAKOUWNM H3 COOT-
HOILEHHH . HeOmpeldeNIeHHOCTH H TOMY INOJO0OHBIX  coobpaxe-
Huf). ;

1o cux mop Mbl o6pauiajH BHHMAaHHe JHIIb Ha pU3HIeCKHE pas-
MepHl, 4acoB H TpeboBajiy, 4TOOB! C NMOMOIIBIO YacOB MOXKHO GHIJIO
pasaHyaTb COOBITHS, PACCTOSIHHE MEXAY KOTOPBIMH 10 BpPEeMeHHOR
mKaJse He MeHblie f. Ec/y e Mbl XOTHM HCHOJb30BaTh Yachl B Ka-
YyecTBe COCTABHOM YaCTH OMHCAHHOH BHIIIE CUCTEMB! OTCYeTa, TO He-
00XOAMMO HMETb BO3MOXKHOCTb CH4UTHI6ATL TMOKa3aHHsl HX uUudep-
6saTta u nyckatb uX. Kak yacTb cucreMbl OTCuera, Ha3HaueHHe KOTO-
poft 3akjJw¥aeTcd B MeTPH3alHH NPOCTPAHCTBA-BPEMEHH, YaChl A0~
JKHpl JuB0 perucTpHpoBaTh INoKaszaHus LudiepGiata B MOMEHT
IPHUXOAA CBETOBOTO MMIyJbca, JUOO NepeiaBarb 3TH MOKa3aHHS
B 4acTh NPOCTPAHCTBA, JeXallylo BHe MeTpuayeMoil 06/acTH. ITO
o6cTositenbcTBO OblI0 OTMeueHo ewle Hlpenunrepom [15]. Onxnako
Mbl OGHApPYXKHJIM, UTO B HauboJiee MHTEPECHOM ciyyae — npH [=ct,
Korga OWHOKH B ONpeleJeHHH NPOCTPAHCTBEHHBIX KOOPAHHAT H
BpEeMEHH OJHOro Nnopsaka, — TpeGoBaHus, MNpeAbsBAAeMble K Ya-
caM Kak K perucTpupymoluieMy npubopy, NPHEOAAT JHHIb K TOSB-
JIEHHI0 HECYIIeCTBEHHOTO UYHCJOBOTO MHOXHTENs, HO HE MEHAIT
BHAa BbIpaXKeHHs AJ MHHHMAJbHOH Macchl 4acoB.

Taxum o6pasoM, yCTpPOHCTBO, NO3BOJANOlLIEe MeTPH30BATh HpPO-
CTPAHCTBO-BpeMs, MOLJIO Obl COCTOSITb M3 YacOB, pPa3BelllaHHBIX B
IPOCTPAHCTBE M HAXOMASIIUXCA B COCTOAHHH OOJIBIIETO HJH MEHb-
IIero IOKOsi OTHOCHTENBHO APYr Apyra. Bce yacel Moryt HcmyckaTh
U OpUHHMATh CBETOBble CHIHAJLI, a TakKxKe MepelaBaTh CBOM I10Ka-
3aHHUA B MOMEHT IIOJIyYeHHs CBETOBOTO CHTHaJIa BO BHELIHEe MpO-
cTpaHcTBO. TakHe dYachl BO MHOrOM HaNOMHHAKT OCUHAJIATOPHI,
npaBra B HepeJATHBHCTCKOH ob6aactu. JlellcTBHTENbHO, CKOPOCTH
OCUM/JIMPYIOIle 4aCTHUB B 7 pPa3 MeHbllle CKODOCTH cCBeTa, Ije
n — OTHOILIEHHE OwWUOKL U3MepPEeHHs BPEMEHH K Rpo0oANUTENb- .
HOCTW BCero TMojJjexallero H3MepeHHIO HHTepBasna BpeMeHH. Ilo-
c/lefHsIs BeJUYMHA €CTb PacCTOsHHe MeXJy COOLITHAMHM, H3MepeH-
HOe BIOJb BPEMEHHOH OCH, WJIH [eJleHHOe Ha CKOPOCTh cBeTa 00blY-
Hoe (IPOCTPAHCTBEHHOE) pAacCTOsiHME MeXAYy uvacaMd. Muposble
JIMHHM 4acoB 06pasyloT TOT I'yCTOH Jec JHHHHA, 0 KOTOPOM MBI TOBO-
puau BHavaje. Ero «BeTBH» CH/IONb MOKPHIBAIOT Ty 06J1acTh Ipo-
CTPAHCTBa-BPEMEHH, KOTOPYIO MBI XOTHM METPH30BAaTh.

Mbul oTHIOAbL He yOeX[eHbl B TOM, YTO HallM Yachl HAWJIYylIHE
U3 BO3MOXHbIX. Hac uHTepecoBasn nuillb OJAHOMEpHbIE NPOCTpaH-
CTBEHHO-N0106HBe HHTEpBaJbl. BeseacTBHe 3TOro OCHHIATOP AOJ-
JKeH Obla GbITb OFZHOMEPHBIM OCHHIJIATOpPOM. BrosHe BO3MOXKHO,
4YTO NpH Iepexoie B TPexMepHOe NPOCTPAHCTBO OrpaHHueHHe pas-
MEpOB YacoB He NMPHBOAHT K CTO/Nb 3aMETHOMY YBEJIHUYEHHIO HEO0O-
XOJHMOH Macchl 4acos,



5. PeaaTusucTckas UHBAPUAHTHOCTb U KBAHTOBbLIE ABACHUS 75

Tensop KpHUBH3HBI MOXKHO MOJYYHTb, Kak OOLIYHO, H3 METPHKH,
eC/u TOCJe[HAS H3MepeHa J0cTaTouyHO ToyHo. OJHAKO HaM Ka-
JKEeTC BNOJIHE HHTepecHbIM JaTth ONnHcaHue Cojee NPSIMOTO Me-
TOAa H3MepeHHs KPHBH3HBI NpocTpaHcTBa. OH OCHOBaH Ha HCIOJb-
30BaHHH YCTPOHCTBA, H300paxkeHHOro Ha ¢Ur. 5 W aHAJOTHYHOTO
TOMY, KOTOpPBIM Mbl MOJIb30BaJHCh MPH MOSyYeHHH MeTpHKH. OCHOB-
HYIO pOJib HTpPAiOT uYachl H 3epKaJjo, HaxoAdllHecsd Ha TaKOM pac-
CTOSIHHHM JPyT OT APYTa, YTO KPHBU3HY NPOCTPAHCTBA B mpeienax
Jexauel Mexay HHMH 06JacTH MOMKHO CUHTaTL noctosHHofl. Ham

. flnocxoe Herpusnenroe
npocmparcmseo | npocmparemeo
4 +t5=2l,=0 4 ~2tgtly

H

Hacer €) -’E’; 10\ / 7/2 Ry

Muposas murug 1 Mupooas nuHug 2 Muposas nurius]  Muposar TURUA 2

® ur. 5. Henocpencreednoe H3MepeHHe KPHBHU3HLI C [OMOLIBIO YacoB H 3epKaJa.

PaccmaTtpuBaercsi TONLKO ORHO NMPOCTPAHCTBEHHO MOJOGHOE u3aMepeHne., KpHBH3HA B npeaenax
n306pakenHofi nHa QHrype o6JacTH NPOCTPAHCTBA-BPEMEHH NpeANONaraercss UOCTOSHHON
(06bsICHEHHE CM, B NPUJAOXKEHHH 5).

He HYXKHO, YTOOB! Hachl HeNpeMeHHO HAXOAMJHCh B COCTOSHHH IIO-
KOSl OTHOCHTE/BHO APYTHX YacoB, TaK KaK TNpoBepKa TaKCro Tpe-
60oBaHHs coNpskeHa C HEOOXOAUMOCTBbIO IPOH3BOAHTL JOMOJNHHU-
TeJMbHble H3MepeHHAa. Eciu npocTpaHcTBO MJOCKOE, TO MHPOBbIE
JIHHHH YacOB HMeIOT BHJ NPsMbIX. YTo6bl M3MEpPHTb KPHBH3HY, HC-
IyCKalOT CBETOBOM CHTHAJ, KOTOPBIA OTpaKaercs B 3epkane, Bpe-
Ms BO3BpAllEHHS CHTHaJja f; MBI 3aceKaeM IO yacaM, IOCJAe 4ero
CHTHAJl BHOBb OTNpaBJfAeTcs K 3epkany. Bpewms, koTopoe Tpebyercs
CBETOBOMY CHTHAJY, YTOOBI BTOpOfl pa3 BepHYThcsl K yacam, 060-
3HAYUM uepe3 fp, a NPOJOJKUTEJNBHOCTh TPEThero MyTelecTBHA IO
MapmpyTy Yachl — 3epKaJjio — yachl — uepe3 I3 Torza, Kak nokxa-
3aHO B NPHJOXKEHHH 5, pajguyc KPHBH3Hbl @ M COOTBETCTBYIOILAs
KomnonenTa Rgjo1 TeH3opa PumaHa onpefessioTcst U3 COOTHOIUEHHH

hoath Uy (% Rom)'/'. @)

: —
t; a
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Eg¢apn 6bl K/1accudeckas TEOpPUS OCTapaJach BEPHOH H B MHKpO-
CKOMUYECKHX 00/1acTaX, TO U3MepeHHud MO MeTOAY, H306paKeHHOMY
Ha ¢ur. 5, MOXKHO Obl10 Obl MPOH3BOAHTHL C JMOGOH CTENEHbIO TOY-
gocTd. [lefcTBUTEeNbHO, €CJqH BeaHuuHa § GeckKOHeYHO MaJja, TO
NpOMeXYTKH BpeMeHH [, f» B {3 MOryT OblTh H3MeDEHbLI CKOJb-
YrOAHO TOYHO C MOMOLLbLIO GeCKOHeUHO JerKHx 4vacoB. TouHo Tak
JKe CBETOBble CHrHAaJIbl, KOTOPBIMH OOMEHHBAIOTCS Yachl H 3ePKaJio,
CKOJIb OHH HH KDPAaTKH, LOJIKHBI NEPeHOCHTb Jnllb GECKOHEUHO Ma-
JBIH HMIyJbC H, CJ€J0BaTe/JbHO, NPUBOAHTH JHIIL K GECKOHEUHO
ManablM OTK/JIOHEHUSIM YacoB M 3epKasa OT #X re0Je3HYecKHX TPaek-
topuli. OAHAKO paccMOTpeHHble paHee KBAHTCBBIC $IBJEHHA Bbl-
HYXKJA4I0T Hac UCHOJIb30BaTh Yachl C HEKOTOPOH MHHHMAaJIbHOH Mac-
colt, ecnu TpeGyeTcsl, 4ToObl H3MEPEHUs] HHTEPBAJIOB BPeMeHH HpO-
M3BOJUJIHCH C 3aJaHHOH TOuYHOCTbIO. B paccmaTtpHBaemom cuayuae
TOYHOCTb JOJIKHA OBITh CPABHHTETbHO BBICOKOH, €CJIM TOJBKO HH-
TepBaJbl BpeMeHH fi, fy U f3 MO NOPAJAKY BEJHUMHBI He CPaBHHMBI
c KpuBH3HOW npocrtpaHctBa., OTK/IOHEeHHs 4YacoB H 3epKajaa OT HX
reofie3HiecKHX TPAeKTODHHA TaKKe JOJXKHBI ObITh MaJibl, €CJH Mbl
XOTHM, uTOOBI pe3yJabTaT H3MEpPEHHs uMea CMBICJA. Bce ato u ompe-
genasieT TOT 3Q(EKTUBHLIHA Ipegesa TOYHOCTH, C KOTOPOH MOXKeT OBITh
u3MepeHa KpuBu3Ha. Kak u c/aef0Bano oXKHAATh, KpUBH3HA B TO4-
Ke NpPOCTPAHCTBA-BPEMEHH OKa3blBaeTcss Booflle HeH3MepHMOH;
H3MepeHHI0 AOCTyNHA JIHIUb CpPeAHss KPHBH3HA KOHeUHOf objacTtH
npocrpaHcrBa-speMeHd. Omunbka uaMepeHuss ofipaTHO MPOMOPUHO-
HaJbHA NJoiManu ofcjefyeMofi yacTH NpoCTpaHCTBA-BpeMeHH (T. e.
TOH 4aCTH NPOCTPAHCTBA, BOKPYr KOTOPOH NpH OOGLIYHOM oOIllpelese-
HUH KPHBU3HBI NPOH3BOAHUTCH MNapajjejbibili TNepeHoc BekTopa),
B3ATo#l B creneHu. 2/;. Takum o6paszoM, omHOKa HPONOPIHOHAJb-
Ha KyOWYeCKOMY KOPHIO H3 XOMITOHOBCKOW JJIMHBI BOJIHBI YacOB.
OcHOBHast NpUYUHA, MO KOTOPOH MBI COMHEBaeMCSI B CKOHYaTeJb-
HOCTH 3TOTO pe3ynabTaTta, U Ha 3TOT pa3 CHOBA CBA3aHa C TeM, UTO
paccMOTpeH Obl1 JIHIIL OJHOMEPHBIA MNPOCTPAHCTBEHHO-NMOAOOHBIA
uHTepBaa. Bo3MOKHOCTH H3MepUTEJNBHBIX YCTPOHCTB, TaK Ke Kak
U npobJieMel, B TPEXMEPHOM HPOCTPAHCTBe MOryT ObITh COBEpLIEHHO
HHBIMH.

Kak 6pl To HH OblJIO, CYLIECTBEHHO HEeMHKDOCKONHYECKHH Xa-
paKTep NOHATHH OOLlefl TeOPUU OTHOCHTEJIBHOCTH KaxKeTcd HaM
Hen3bexHbIM. PaccMoTpuM cHayana CHUTyauuio ¢ MHOPaKTHYECKOMH
TOUKH 3peHHs, KOrZa OHa BHINIAJAUT He cToab octpoit. Ilpexue
BCEro 3aMeTHM, UTO H3MepeHue 3JEeKTPHUYeCKOTO H MArHHTHOTO Mo-
Jel, KaK caeayer u3 anaiusza Bopa u Posendenbna [16]!), Takxke
Tpe6yeT MAaKpOCKONHYECKHX, a B JEHCTBUTENIBHOCTH AaxKe cyaybo
MAaKpPOCKONHYECKHX MNPHOOPOB, 4TO OTHIOAL He [HejaerT IOJEBble

1y Cchinku na auTepaTypy npusefeHnpl B crarbe PoseHdenbia, noMeuleHHol 8
cGopHuKe [17],
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npeicTaB/enns GeCHONE3HBIMH AJS ILeJjell KBaHTOBOH 3/1eKTPOAH-
naMmuku. IlpaBja, M3MepeHHe KpHBH3HBI TPOCTPAHCTBA-BPEMEHH
TpebyeT, 4ToObl 067aCTh NpocTpaHCcTBA ObLTAa KOHEUHOH, M CYILLECT-
ByeT MHHHMMaJbHast Macca (M Ja)Ke HeONpeleseHHOCTb MaCChl) H3-
MepuTenbHOro yctpoicrsa. ORHAKO, NPUKHHYB pasMepbi BeJHUHH,
Mbl y6eIHMCs, UTO CHTYaLUHI0 ¥ B MHTEPeCylolleM Hac Cjyyae HeJlb-
37 Ha3BaTb TPeBOXKHOH. [laxke B MeXK3Be3JAHOM MPOCTPAHCTBE KpH-
BHU3HY TpeOyercsi ONpefensTb Ha pPACCTOAHHSIX TMOPAJKA CBETOBOM
CeKyHAB! HJH 0KoJ0 Toro. Ho 3To emje nHe Bce: macca uyacoB, KOTO-
pble TpelHa3HaueHbl A/t TaKUX H3MePEHHH, COCTaBJSAET HECKOJIBKO
MHUJLTMTDAMMOB, B CHJYy 4ero KOHeYHasl Macca 3JeMeHTapHBIX dYa-
CTHL[ He NPHUBOAMT K KakKuM-Ju6o TpyAHOCTsSM, Hacel COCTOAT u3
MHOTHX YacTHll, H HeT HM HeoOXOAHMOCTH, HU TeM OoJjee xeJaHUA
HCIIONB30BaTh AJA H3MepeHuil Yachl, KOTOpble ObLIH OBl Jierue
37eMeHTapHbIX YacTHL. DTOMYy Bpsil JH CIedyeT YAUBJAATHCSA, eCIH
yuecTb, YTO MHUHHMAa/JbHAss Macca N0 OIleHKe, MOJYYEHHOf ¢ I10-
MOILIBIO I'PABHTALIHOHHOH IOCTOSIHHOH, CKOPOCTH CBeTa H IOCTOSIH-
Ho#t [InaHka, cocraBaser okojo 20 me.

BMmecte ¢ TeM HeoOXoAMMO elie pas MOAUYEPKHYTH, 4TO ¢ GoJjee
HPUHUUNHANBHOA MO3HUMH CHTYALHIO TPYAHO MPH3HATH YAOBJETBO-
puTenbHOH. B 0oObIYHON KBAHTOBOH TEOPHH MBI IO-NIPEKHEMY pac-
CMaTpHBAaeM oOlepaTopbl KOOpAMHAT KaK HalJiofaeMmble, He 3Has,
4TO 03HAYaOT caMH KoopAuHathl. Ellle 60/ee CTPaHHBIMH KaXyTcsi
B CBeT€ OCHOBHOTO Te3Hca o0Liefl TeOpDHH OTHOCHTENLHOCTH — «(H-
3HUECKHH CMBICT HMEIOT TOJBbKO COBHNAAEHHA» — HOHATHS KBAHTO-
BOH TEODHH MOJA, U 3TOMY BpSJ JU MOMKHO YIHBJAATbCH, HEO Aaxe
20-MHNJIATPAMMOBBIE YAChl CJHIIKOM Be/JHKH AJT H3MEPEHHS aToOM-
HBIX BpeMeH HWJH paccTosiHuf. AHaMH3UpPys Crnocol, ¢ IMOMOLUBIO
KOTODOTO HaM YyAaeTcs «H30eKaTb» HCHOAb30BAHUS MOHATHS aob-
COJIIOTHOTO IPOCTPAHCTBA, MBI HEOXKHAAHHO OOHApyKHBAeM, 4YTO
Huuero He H30exann. B cBomx sKcnepHMeHTax Mbl OKpy:KaeM MHK-
pockonuueckue OO6BEKTH Cyry6o MaKpOCKOMUUECKOH CHCTEMOH OT-
cuetoB U HabmonaeM cosnadenus (T. €. CTOJKHOBEHHSH) MeEXKIY
YaCTHIAMH, HCIYCKaeMbIMH HccjelyeMOHl MHKDPOCKOIHYECKOH CH-
CTEMO# H 4YacTAMH CHCTEMbl oTcuera. Tak MBI IPUXOAMM K Mar-
pulle CTOJKHOBeHHil, Koropas HabJofaeMa, npuueM HabgonaeMa
B TepMHHAX MAakKpOCKONHYeCKHX COBNAlJeHHH, a TaK Ha3blBaeMble
na6/iofaeMble MHKDOCKONHMYECKOH CHCTEMbI He TOJbKO He HaGJio-
gaeMbl, HO Ja)ke (HAaCKOJbKO MOMKHO CYAHTb) He HMEIOT CMbIC]a.
Taxum o6pa3oM, B HalIMX 3KCIepHMEHTax CyLIeCTBYeT TrpaHHLA
Mexay o6aacTblo, BHYTPH KOTOPOH MBI CBOOOAHO MNOJb3yeMCs
KBAHTOBHIMH MOHSATHAMH, He GOfICh, YTO 3TO MpHBeLeT Hac K Mpo-
THBOPEYHIO C OCHOBHBIM Te3MCOM OGIIeH TeOpHMH OTHOCHTEIBHOCTH,
U ropasfo Gosee oOIIHPHOR 06JacCTbIO, B KOTCPOH HCMOJMb3yeMble
HAMH MOHSATHS TaKXe He MPOTHBOpeYAT OCHOBHOMY Te3uCy oOLief
TEOPHH OTHOCHTEJNbHOCTH, HO He NOJAAIOTCS ONHUCAHHIO CPeJCTBAMH
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KBaHTOBOH TeopuH. Co CTPOro JIOrHYECKOH TOYKM 3PEHHA HMeHHO
Takoe pasjieieHHe BhI3bIBaeT HAHGOJBIIYI0 HEYJXOBJIETBOPEHHOCTb.

[MPUJTIO)KEHHE 1

B sToM OpH/IOXKEHHH MBI XOTHM CPaBHHThH DPa3JHYHBIE COCTOSI-
HHSl OJHO¥ H TOH Xe (PU3HUeCKOH cHCTeMbl. Bce 3T cocTosgHuA
BO3HHKAIOT NPH PaCCMOTPEHUH OAHOrO (CTAHAAPTHOTO) COCTOAHHUS
H3 pas3HbIX CHCTeM KoopAHHAT. Bcsikas JopeHIeBa cucrema oTcye-
Ta ompeje/seT HEKOTOPOE COCTOSHHE, a MMeHHo 06pa3 craHxapT-
HOT'O COCTOSIHH# [IPH Iepexofie K 3ToH cucreMe orcuera. YToGut 3a-
JaTe CTAHAAPTHOE COCTOSIHHE, Mbl BBIOHpaeM MNPOH3BOJbLHYIO, HO
(HKCHPOBaHHYIO JIOPEHLEBY CHCTEMy OTCUETa W YCJAaBJIHBaEeMCH,
YTO B 3TOH CHCTEME OTCUETA CTAHAAPTHLIM OYAET CUMTATBLCH COCTOS-
HHe MOKOALIeHCH YacTUIBI CO CIUHOM (ecaqH TakOBOH HMeeTcs),
HalpaBJeHHBIM MO OCH 2. Ec/M Mbl XOTHM HMeTb 4acTHIly, JBHXKY-
IIYIOCS CO CKOPOCTbIO U BIOJAb OCH 2, CO CNHHOM, HanpaBJEeHHBIM
TaKXe BJOJAb OCH 2, TO MAOJXKHBI CMOTPETh Ha YACTHLY, HAXOAS-
HIYIOCSl B CTAHZAPTHOM COCTOSIHHH, H3 CHCTEMbI KOOPAHHAT, ABHXKY-
mefics co CKOPOCTbIO ¥ B HampaBjeHUH —2. Ecay MBI XOTHM IIO-
JYYATb MOKOAUIYIOCS YacCTHUY CO CHHMHOM, JIeXallMM B HJOCKOC-
TH Y2 U COCTaBJAIOLIUM yroJ o ¢ OCbIO Y, TO CTaHAAPTHOE COCTOfA-
HHe HaJJeXHT paccMaTpHUBAaTb H3 CHCTEMbl KOOPAMHAT C OCAMH Y
H 2, MOBEPHYTHIMH Ha YroJ o OTHOCHTEJNbHO OCeH y H 2 TOH CHCTe-
Mbl KOOPAMHAT, B KOTOpPOH OBLIO oONpefieleHO CTaHAAPTHOE CO-
crosinvie. Ec/iM Ke MBI XOTHM MOJYYHTb COCTOSiIHHE, B KOTOPOM H
CKOPOCTb H CIIHH HMEIOT TO K€ HalpaBJ/ieHHe, YTO W CIIHH B Npelbl-
AylieM chaydae (T. e, HalpaBJeHHe B IJIOCKOCTH Y2, obpasywollee
Yyroa o ¢ OCblo Yy U yroi m/2— o ¢ OCblO 2), TO Ha CTaHIapTHOE
COCTOSIHUE CJIelyeT CMOTPeTh H3 CHCTEMBl KOOPAHMHAT, B KOTOPOH
CIIHH CTaHJaPTHOrO COCTOSIHHS KaKeTCsd HMEeOILMM YKa3aHHOoe Ha-
npaeJ/ieHHe, 4 CaMa CHCTeMa KOOpDAMHAT JBHXKeTCsl NIPH 3TOM B MpO-
THBOIMOJIOKHOM HalpaBJ/eHUH.

IBa cocTOIHHS TOXKIAECTBEHHBl TOJNbKO TOrjla, KOorjga ompepe-
JASOUIME UX JOPEHUEeBhl CHCTeMHl -oTcueTa coBrmajnalor. Ilpu Takom
onpejeseHHH MOJYYaIOUIHECs COOTHOUIEHHS CHpPaBelJHBBl He3aBH-
CHMO OT TAKHX CBOHCTB 4acTHIEBI, KaK CIHH M4 Macca (mpH ycJo-
BHH, 4TO Macca OTJIMYHA OT HyJis, T. €. UTO CTAHAAPTHOE COCTOAHHE
cyuectByer). [IBa COCTOAHHA <IIOYTH TOX/JIECTBEHHLI», €CJIH OIlpe-
HeJsIolHe KX JIOPEHUEBbl CHUCTeMbl OTcYeTa MNepexoidaT Jpyr B
Apyra npd BecbMa MaJjoM MpeoGpasoBaHuH Jlopenua, T. e. npu
npeoGpasosannu Jlopenua, 61u3KOM K TOXJecTBeHHOMy. Bce co-
CTOSIHHSI YACTHLB, KOTOPble MOXKHO CPaBHMBATh YKAa3aHHEIM CIIO-
coGoM, CBA3aHBI APYr C APYroM, NOCKOJbKY HX MOXHO CUHTaTh
OJHUM H TeM 2Ke CTaHAApPTHBIM COCTOSIHHEM, pPaccMaTpHBAEeMBIM H3
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pasyMYHbIX CHCTeM KoopAuHaT. Tem He MeHee HaM NpHAETCS cpas-
HHBAThb TOJbBKO TAaKHE€ COCTOSHHA.

OGosnaunm uepes A(0, ¢) marpHuy mnpeoGpas3oBaHusi, NpH
KOTOpPOM MNpeoOpa3oBaHHAsi CHCTEMa KOODAMHAT JBUXKETCS CO CKO-
pPOCTBIO —0 B HAaNpaBJEeHHH OCH 2, npuyeM v = ctheo:

0 0 0
AQ,9)=|0 che sheg|. (1.1)
0 she che

[TockosbKy ocb x He OyAeT HrpaTh POJH B JaJbHEHIIUX paccyxKie-
HHUSAX, OHAa He yKasaHa B Matpuue (l.1), W TPH CTPOKH H TpH
crosifiia 3TOH MaTpULUBl OTHOCATCS K ocaM y', 2/, ¢t u y, 2, ct coor-
sercTBeHHo. Marpuna (l.1) onycbiBaeT cocTosiHMe, B KOTOpOM ua-
CTHIIA OBUKETCH €O CKOPOCTbIO U B HANPABJEHHH OCH 2, a €€ CHHH
napasnJeseH 3TOH OCH.

O6o3HaunM jJajsee MaTPHIY NOBOPOTA HA yrod & B INIOCKOCTH Y2
gyepos D00

cos® sind 0
R(®)=| —sind® cos® 0f. (1.2)
0 0 1

Hanpas.elille B IJOCKOCTH y2, NPOXOJsililiee MEXKAY OCAMH ¥ U 2 U
o6pasyiolliee yroj ¢ ¢ ocblo 2, Mbl B JafabHeHumeM GyleM Ha3bIBaTh
«nanpasiaenreM $». CucreMa KOOpAHHAT, ABHKYINAsics CO CKO-
pocThbi0o —U B HanpaBJjeHud ¥, NoaydyaeTcs Npu npeobpasoBaHuH

A0, 9)=R(®) A, @) R(-19). (1.3)

Yro6bl HOMYUHTh YACTHIY, ABHMXYULYIOCH B HanpaBJeHHH & H oS-
pPH3OBAHHYI0 B TOM e HaNpaBJE€HHM, Mbl CHauajla NOBOPAYHBaeM
cHcTeMy KOOpAMHAT Ha yroa O NPOTHB 4acOBOH CTpeskH (M moJy-
yaeM YaCTHLY C HYXKHbIM HanpaBjeHHeM MNOJSIPH3ALMH), a 3aTeM
coobiaemM CHCTeMe CKOPOCTb —v B HampaBjaeHHH ¥. Takum obpa-
30M, HCKOMOE COCTOsIHHe YaCTHUBI onpejessercs npeobpa3oBaHueM

[ cos® sindchg sindshg
T(9, ¢)=A(®, ¢)R(¥0)=| —sin® cosdchg cosdshegj|. (1.4)
0 she cho
Us (1.3) caenyer
T(®, ¢)=R(6) A0, 9)=R(8)T(0, ). (1.5)

DTo 03HAYaeT, YTO MHTEPecylollee HAC COCTOSHHE MOXKHO MOJYYHT,
paccmatpuBasi cocrosnHe (l.1) M3 cucTeMBl KOODAMHAT, MOBEpHY-
Tofi Ha yroa ¥. OTciofa SCHO, YTO yTBepXKJEHHE «CKOPOCTb H CHHH
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napaJjJeJbHbl», KaKk H €/1e40BaJjO OKHAaTb, HHBADHAHTHO OTHOCH-
TeJbHO BpallleHHuH.
Ecau cocTosinne, nopoxaeHHoe npeo6pa3oBaHueM

A, )=T(0, 9),

paccMaTpuBaTh H3 CUCTEMBI KOOPAHHAT, ABHXKYIIEHCS CO CKOPOCTBHIO
4 B HaNpaBJEHHH OCH 2, TO HaM OyAeT Ka3aTbCs, YTO 4YaCTHIA
No-npeXHEeMy JBHIKEeTCA B HANpaBJIEeHHH OCH 2, a ee CIIHH OCTaercs
AapaJielbHBIM HaNpaBJeHHI0 ee IBHXKeHus. Vckawuenue cocras-
JSIOT [Ba cayuasi: eclH 4 > U, TO CKOPOCTb H CIIMH aHTHIApas-
JISJbHBI, €CIM XKe 4 = U, TO YTBEPXK/JeHHe O MapajiejbHOCTH CKO-
POCTH H CHHHA yTpauMBaeT CMBICA, HOO MBI YBHAHM YacTHUY MO-
Kosedica. JIpyrde cocTOSHHA, B KOTOPbIX CIHH H CKOPOCTh Mapad-
JIeNbHB, T. €. COCTOSIHHA, NOPOXKAeHHbIe NpeobpasoBanuamu 1(9, ¢),
TaK¥Ke COXPAHAIOT CBOe OTJIHUHTENbHOe CBOHCTBO, eCIM HX paccMa-
TPHUBATbh M3 CHCTEMbl KOODAHMHAT, IBHKYIIeHCS B HANpaBJeHHH CKO-
POCTH YacCTHUB! IIPH YCAOBHH, YTO CHCTeMa KOODAHHAT JBHIKETCS He
OBicTpee YaCTHIE. IJTOro TaKXKe MOMKHO OBIIO OXKMIATh 3apaHee.
OnHako ecaH COCTOSIHME, MOpoXAeHHoe npeo6pasoBanuem 7T (0, g),
paccMaTpUBaTbh U3 CHCTeMBI KOODIMHAT, ABHXKYINEHCS CO CKOPOCTHIO
v’ = c¢th ¢’ B HanpaBJenuu —y, TO COHH M CKOPOCTb He GynyT Go-
Jee KasaTbCsl NapalielbHBIMH, €CAU TOAbKO CKOPOCTb HACTULbL U
He 6yder OOCTATOYHO 6.au3t9a K cxopoctu cgera. llocienusisi oro-
BopKa cymectBenna. OHa o3HadaeT, 4To NPH GOJBIIMX CKOPOCTSX
COCTOSIHUA YACTHLEl ¢ NApaJJeJbHBIMH CHHHOM H CKOPOCTBIO [T. €.
COCTOsIHHS, TIOpoxAeHHble NpeofpasosanneMm (l.4) ¢ Gospuwum g,
ecii MX pAaccMaTpUBaTh H3 CHCTEMBl KOODJHHAT, ABHIKYILeHics He
CJMLIKOM GBICTPO B HANpaBJEHHH CKOPOCTH YaCTHHBI, OCTAIOTCA CO-
CTOSIHMSIMH TOTO XKe KJjacca. B npenenbHoM cayuae, Korga gacruiia
JIBHXKETCA CO CKOPOCTHIO CBeTa, 3TH COCTOSIHHSA CTAHOBSITCS HHBA-
PHAHTHBIMH OTHOCHTe/NbHO 8cex NpeobpasoBanuii Jlopenua.

Y6enuMcsa cHavajJa B TOM, UTO CHOHH H CKOPOCTb B COCTOSIHHH
(1.1) ¢ TOUKH 3peHHs CHCTeMBbl KOOPIHHAT, ABHXKYIlelicd B Hanpas-
JeHnM —y, He OYAYT KasaTbcs napaJjuienbHeIMH. PaccMaTpuBaemoe
COCTOsIHHE MOPOXKAEHO NpeobpasoBaHueM

ch¢’ sheshg’ choshg’
A%, ¢)a0 9= 0 che  shg | (1)
sh¢/ shepchg’ chochg’
1o npeobpasosanue He uMeer Buaa (1.4). Urobel nmpusectu (1.6)

k Buay (1.4), yMHOXHM MaTpHuIly npeo6pasoBaHusa cnpaBa Ha R (e),
T. e. NOBepHEM CHayaJa COHH, ¥YTOJ g ONpeAesercss H3 ypaBHeHHS

tge= 0¥ z—v;( ——”-2—)”’; (1.7)
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OH HasblBaeTcsl YIJOM MeXAy CIHHOM H ckopoctblo. Ilpy v < ¢
yroJ g cOBNajaer ¢ yrJioM, KOTOPHIH BEKTOpP CYMMbl IBYX B3aHMHO
OPTOTOHAJbHBIX ckopocTellt v ¥ v’ obpasyer ¢ mepsolt u3 nHux. Ilpu
CKOpOCTSX v, OJIM3KHX K ¢, YTOJI £ CTAHOBUTCA MaJgbiM. B atom cay-
yae BpsL JH HeoOXOAMMO NIOBOPAUHBATh CIHH HA HYMKHBIA yroJd ot
OCH 2z 1Tpexie, yeM cOOOLIATb YacCTHIE CKOPOCTh B HaIpaBJeHHH
ocH z. Bce ckazaHHOe COJePKHTCA B TOXKIECTBE

A(3, ¢) A0, DRE=T(®, ¢% (1.8)

3TO TOXKECTBO HETPYAHO NPOBEPHTb NPSAMBIM BblUHC/JIeHHeM. [Ipa-
Bas 4acThb COOTBETCTBYeT 4YACTHIE C Mapajise/NbHBIMH CHHHOM M
CKOpoCThK. BesqnunHa M HampaB/eHHe NocaelHeH ONpeleasioTcsl H3
XOpOLIO H3BECTHBIX COOTHOLIEHHH

(1.8a)

2,1
v’ /o
62

v” =cthe” = (02 + 0" —

4= she' _ o . 1.
te the o(1— o’*fc2)e (1.86)

[TpuseneHHoe B TekcTe cooTHowleHue (1) cneayer u3 (1.7) u (1.86)
npu v = C.

IMpu6auxkenuass HHBapHaHTHOCTL coctosHuil T (0, @)y (rae
o — CTaHIaPTHOE COCTOsIHHE, a ¢ > 1) OTHOCHTE/IBHO BCeX Npeos-
pasoBanuil JlopeHlla MaTeMaTHYECKH BbIPAKaeTCsA PaBeHCTBAMH

R@®)T 0, 9)by=T (9, @) %, (1.52)
A0, ¢)T(0, @)%o=T(0, ¢’ + @) by, (1.92)
AlF #)T0 D h—>T 0 )% (1.96)

OTH paBeHCTBA MOKAa3bIBAIOT, KaK BBIMJISIAHT H3 APYFHX JOPeHIeBbIX
CHCTeM OTcueTa BOJHOBas ¢yHkuus cocrosauus T (0, ¢)¢o. Anago-
rHyHble PABEHCTBA HETPYAHO BLIMHCATL M AJA BCeX COCTOSTHHU
T(a, @)¢o. B uactHOCcTH, cooTHomeHue (1.5a) mnoxkasbiBaeT, 4TO
HHTEPECYIOlLiMe Hac COCTOSIHUSI MHBADHAHTHB OTHOCHTEJNBHO TOBO-
pPOTOB CHCTEMBI KOOpJAHHAT, cooTHomeHnue (1.9a) — uto 3TH cocTORA-
HHSl MHBAPHAHTHBI OTHOCHTeNbHO mTpeoGpasoBanuil Jlopeniua, cko-
POCTb KOTODHIX 68 HANPABAEHUW OBUNXCeHUS YACTHUBL He CJIHIIKOM
Besnka (Tak uto @ 4+ ¢ >> 0, T. e. ¢/ He CJIHIIKOM GOJbLIOE OTPH-
nateasHve uucao). Hakownen, uro6bl mokasate (1.96), BBHIUMCAHM
BEPOATHOCTD Ilepexo/ia MeXKAY COCTOSTHHSIMH

AlF #)TO D% 1 T ¢,
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raie & u @'’ onpepensitorcsi U3 coorHowenud (1.8a) u (1.86). U3
roxzaecrsa (1.8) nonyuaem

(A (% ! q),) TO,9) %, T(9, ¢”) q’o) =

=(T(8, @") R~ () Py, T (B, ¢”)hy) =
= (R (e) Yo, o) = (Py, o).

[TepeiiTu Ko BTOpPO# cTpOKe MOKHO MOTOMY, 4To T (9, ¢’’) o3Hauaer
npeo6pa3oBaHHe KOOPIMHAT M, clefloBaTeqabHo, yHHTapHO. ITocrnen-
HHI NepexoJ Mbl MMeeM INpaBO CLe1aTh, TaK Kak IPU ¢ —> 0o Yrod
e — 0 [uTo HerpyaHO ycmortperh u3 ¢opmyanl (1.7) u paBeHcTBa
R(0) =11

[IpoBeneHHble paccykaeHHS He COJepXKaT HHUYEro MPHHIIH-
MHAJbHO HOBOTO H HCIOJb3YIOT MO CYILECTBY JHWbL ABa (akra:

a) noarpynna rpynnbl JlopeHlla, OCTaBJsIOMAA HHBAPHAHTHBIM
HYJ€eBO# BeKTOp, OTJHYHA OT MOATPYNNBI TOH Ke TPYHNB, OCTaB-
JSA0HIeH HHBADHAHTHLIM BPeMeHU-NOAOOHbBIH BEKTOD;

6) ecau MOCAENHIO MOATPYNNY «CXKaTb» A0 NOArPYIIIB], OCTaB-
JsTiollel HHBADHAHTHBIM HYJIeBOH BEKTOD, TO ee Ipe/lCTaBJeHHs pa3-
JaraloTca Ha ogHomepHbie [18].

ITPUJIO)XEHHE 2

Ho toro kak Jlu u $ur BbIABHHYJAH cBOw rumorte3dy (cM. [19],
a takxe [20]), 6bJIO IUMPOKO pacCIPOCTPAHEHO MHEHHe, YTO, IO-
MHEMO Ollepalluii CHMMeTPHH, 00pasyIiHX COGCTBEHHYIO TIpynmy
[Tyankape, CYIleCTBYIOT elle TPHM HE3aBUCHMble ONepalHH CHMMe-
rpun. CobcrBennas rpynna Ilyankape cocToHT U3 Bcex mpeoGpaso-
panuit JlopeHlUa, KOTOpElE MOXHO HeNPepbiBHO NOJYYHUTh H3 TOXKJIE-
CTBEHHOTO fIpeobpa3oBaHHsA, H Bcex Hpeo6pa3oBaHuil B mpocTpaH-
CTBEHHO-NIOJOOHBIX H BpeMeHH-NOLOOHLIX HaNpaBJeHHSAX, a TaKxke
npousBeleHuil BCex NMepeuncyenHblX npeobpasoBanuii. DT0 HeMpephIB-
Has Tpylna; BXxodslliHe B Hee NpeobpasoBanHs Jlopexua He H3Me-
HAIOT HampaBJleHHe BPeMeHHOH OCH, a HX ONpele]uTelb paBeH |.
[MepeuncauM TPH HONOJHHTE/bHblE HE3aBHCHMBle OIE€PaLHH, OTHO-
CHTEJbHO KOTOPBIX NpeAnoJaranach CTpOras HHBAPHAHTHOCTb 3aKO-
HOB MpPHUPOJbI:

Ipoctpancreennas ungepcus I, T. e. npeobpasoBanue x, y, Z —»
— —X, —Y, —2, He NepeBOAsllee YACTHIB B aHTHYACTHUHI !).

Ob6pauierue spemeru T (pasa xoroporo Jliogepc [21] npemnoxua
Goaee ajexkBaTHoe HazBaune Umkehr der Bewegungsrichtung —
ofpalleHne HanpaBJeHHs JABHXKEHHs), T. €. mpeo6pasoBaHHe, 3aMme-

1) B HacTosllee BpeMs 3Ty ONEPAUMIO MPHHATO 0603Hauat, Oyksol P.—
pum. asropa npu KoPPeKType AMEPUKAHCKOZO u30anus KHueu,
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HAIOIlEee KaXKAyl0 CKOPOCTb HAa MNPOTHBONOJOXKHO HanpasJeHHYIO,
BCJIECTBHE Yer0 YacTHIA B MOMEHT BpeMeHH +-{ 3aHHMaeT TO ¥Xe
NOJIOXKEeHHe, Kakoe OHa Ge3 obpalleHHs BpeMeHH 3aHMMana Ohl
B MomeHT —f. Onepatop ofpauenuss BpeMeHn T (Ha3BaHHBIH
takxe Jlogepcom oGpaillenneM BpeMeHH NepBoro poaa [22]) we me-
PEeBOAKT YACTHIEI B aHTHYACTHLBL.

3apadosoe conpasenue C, T. e. 3aMeHa BCeX IOJOKUTEJIbHBIX
3aps0B OTPHLIATENbHBIMH W BOOOLIe 4YacTHL aHTHUAcTHUAMH Oe3
H3MeHeHHsl MOJIOXKEeHUS HJAH CKOpocTH 3THX udactun !). Ksanrtoso-
MeXaHHYecK¥e BbipaykeHus 1as omepauuid cuMmmerpuu [/ u C yHH-
TapHhbl, Belpakenue JJsi T aHTHYHHTAPHO.

Tpu onepanuu I, T, C BMecte ¢ ux npousBeigeHusamu TC (mo
Jliogepcy TC HaspiBaeTcsi ofpailleHHeM BpPeMeHH BTOpPOTG poja),
IC, IT, ITC wu ToXIecTBeHHOH (elMHWYHOH) omepalinell o6pasyioT
rpynny. CuuTanoch, YTO Bce 3aKOHBl (DH3UKH HHBAPHAHTHBl OTHO-
CHTEJbHO IPOH3BEAEHHH 3J€MEHTOB 3TOW TPYyNIBl H 3JeMEHTOB OG-
cTBeHHO# rpynnbl llyankape. BbickazaHHOe B TeKcTe NpelJioXKeHHe
CBOJAHTCS K HCKJIOUEHHIO Kaxnao#t u3 omepauuii / u C B OTAeJNbHO-
CTH, HO COXDAHEHMIO B KauyecTBe OMepalHd CHMMETPUH HX NPOM3-
Befenns /C. B atom cayuae AHMCKpeTHas rpynmna cCHMMETPHUH CoO-
cTosina 6bl M3 TOXKAECTBEHHOM OHepaluy III0C

Ic, T wu ICT, 2.1)

a [OoJiHafA Tpynma CHMMeTPHH 3aKOHOB IPHPOABI BKJAOYada Obl
B ce0s cob6cTBenHyio rpynny Ilyankape namooc npousBefleHHs ee 3Je-
MeHTOB Ha 3JeMenthl (2.1). Takas nmonnaa rpynna uszomopdHa (ro
CylLIecTBY TOXJecTBeHHAa) HeorpaHudeHHOH rpynne Ilyankape,r. e.
npou3BeleHHI0 6cex Tpeo6pasoBaHuil JlopeHua Ha Bce CHABHTH
B NPOCTPaHCTBe H BO BpeMeHH. KBaHTOBOMexaHHUeCKHE BbIpaXKeHHS
IasA omepauuil co6CTBeHHON rpynnsl JlopeHUa H ee NpPOH3BeIeHHS
ua /C yHuTapHbI, aHa/Joruuxbie Boipaxkenus aaa T u ICT (a takxke
s HX TPOH3BejleHHH Ha 3JeMeHTH COOCTBeHHO# rpynnbl [lyaH-
Kape) AaHTHYHHTapHH. Jliofepc 3aMeTHJ, YTO NPH HEKOTOPBIX
BecbMa ectecTBeHHbIX yCaoBHAX /CT NpHHAAJIENKUT K CPYIIeE CHM-
MeTpHH JI000H 40KAAbHOE TEOPHH HOJA.

NMPUJ/IO)XXEHHUE 3

paCCMOTpI/IM CHavaJia CTOJTKHOBEHHE ABYX HaCTHI| paBHOﬁ Macchbl
m B CcHCTEME€ KoopauHaT, B KOTOpOl':I CpelHee 3HayeHHe HX

1) Bce TpH omepanHM CHMMeTpPHH BIEpBble OBUIM NOAPOGHO DPacCCMOTPEHE!
Ilsunrepom [23]. CM. Takxe crathio KpaMmepca [24] u crathio [layan B c6opuuke
[25]. BaxuHocTb ABYX mepBBIX omepaliiil CHMMETPHH (H HX CBf3b C MOHATHAMH 4eT-
HOCTH M KPaMepCOBCKMM BEIPOXK/JEeHHEM) Gbljla BNepBHe 3aMeueHa asBTopom (26,
27}. Cwm. takxe [28, 29]. Mbican 0 BO3MOXKHOCTH 3apsiOBOro cONpsKeHHs Oblia
BhickasaHa eme Peppyu [30].
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CYMMapHOro HMIy/abca paBHO HyJIO. [1pelnonoXuM, 4To B JaHHbLIH
MOMEHT BOJIHOBble (DYHKLHH OOEHX 4acTHI CYILEeCTBEHHO OTJIHUHBI OT
HyJs Ha OTpe3Ke MJIHHON [ B HaNpPaBNCHHH HUX CPelHEell CKOPOCTH
OTHOCHTENBHO JAPYT japyra. Ecau MBI paccMOTPHUM TOJALKO 3TO MPO-
CTpaHCTBEHHO-NOAO6HOE HanpasJeHHe M BPEMEHHYIO OCb, TO ILJIO-
aap TOH 4YacTH TPOCTPAHCTBA-BPEMEHH, B KOTOPOI  BOJIHOBbIe

D ur. 6. a— 10KaNH3aluHsg CTOJKHOBeHHs ABYX UaCTHL ¢ OLHHAKOBOK MACCOM
MOKOSL.

Cnaowrsie THHUK ~- 9§ eKTHBHBIE IDAHHIBl BOJHOBOTO NAaKeTa YacTHIBI, ABHXKyLedcs BIIPaBO:
NYHKTUPHbe — 3 D(PeKTHBHBIE IPAHHILI BOJHOBOTO I1aKeTa YacCTHIB!L, ABHXKYLtelcs Biaeso. CTOJK-
HOBEHHE BO3MOXKHO B 3alTPHXOBAaHHOH YacTH NPOCTPAHCTBA-BPEMEHH.

6 — JloKaJu3allisl CTOJKHOBEHHsI MEXKAY 4acTHUefl ¢ MACCOil NOKOs, OT/IHYHOH OT
HYJAA, U YacTHUEH C HyJIeBOH Maccoil MoKos.

Cnaownole JMHUH, OTCTOSLHE APYr OT ADYra HA PAacCTOSIHUM A B HaUPaBJEHHH OCH X — rpa-

HHIE BOJHOBOro MaKeTa YaCTHILBI ¢ HYJEBOM Maccoft NOKOSl, NYHKTUPHbie — TPAHHUBI BO.I-

HOBOro NMaKeTa YacTHLBI C MAaccoil NOKOSA, OTJAHYNON OoT Hynasi, CTOJKHOBEHHE BO3MOXKHO B 3a-
LWITPUXOBAHHOH 06macTH.

(YHKIUH CYLLEeCTBEHHO neperbIBaIOTCH (dur. 6,a), 6yner paBHa

B 3.1
a= 20y ( ) )
Fle Uyyg — HAUMEHbIIAS CKOPOCTb, BXOMsINAs B BOJHOBLIE NaKeTHl
CTANIKHBAIOUINXCA YACTHIL M HMeEIOlas HeHYJ/JeBYI0 BepOATHOCTD.
Ecau p — cpeanuit umMnynabc (475 o6eux 4acTHI ero 3HayeHHe OILH-
HAKOBO), a 6 — NOJYWHPHHA pacnpeleseHHs] UMINyJabca, TO
_ (p—8)2 1~
Umml:(p_é) [m2 +_E§—_:I .
IMTockoabKy [ He MOKeT ObITh MeHblle h/§, naowanp (3.1) orpa-
HHYEHA CHU3Y BeJHUYHHOH
B2 [m?+ (p = 8)%e] "
Y 5—6 ‘ (3.18)

(3aMeruM, uTo npu O = p 3Ta BeJuyHHa obpaliaercs B OeckoHeu-
HoeTh). C TOYHOCTBIO JO HHC/AEHHOrO MHOMKHTEJNS MHHHMYM Bblpa-
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xeHus (3.1a) pasen
2 52\ Yo 2
Ay = _I_j?'(mZ +—p?) ~ Tﬁi_‘i/’,
P c E(E+mc?)"
rae E — xuHetHyeckas 5Heprus (IOJHAs 3IHEPTHST MHHYC 3HepTHSA
MOKOS1) HaCTHIL.

Kunernueckast sHeprus E 103BOJISIeT CY3UThb B HampaBJ/eHHAX,
OPTOTOHAJbHLIX CpPelJHEH OTHOCHTeJNbHOH CKOPOCTH 4YacTHL, pas-
Mepbl TOH 4YacTH MNPOCTPAHCTBA-BPEMEHH, B KOTOPOH BOJIHOBHIE
GYHKIHMA CTaJKHBAIOMIHMXCS YACTHL CYLLECTBEHHO OTJIHYHBI OT HYJf,
[0 BeJHYHHBI

(3.2)

h2c?
E(E+2mc?) *

CnenoBaTenbHo, 00'beM UETHIPEXMEPHOTO NPOCTPAHCTBA, B npelenax
KOTOPOTr0 MOKeT NMPOH3OUTH CTOJKHOBEHHE, ¢ TOUHOCTHIO A0 YHCJEH-
HOTO MHOXKMTEJIst paBeH

htc?
ET: (E—l-—mc?)% *
3necy E o3Hauaer cpelHIO KHUHETHUECKYIO 3HEPrHIO YacTHIl B CH-
cTeMe KOOpAHHAT, OTHOCHTENbHO KOTOPOH HX LLeHTp Macc B CpelfHeM
Haxoautcss B cocrosHuu noxos. CoorHoieHHe (3.3) BepHo ¢ TOU-
HOCTBIO A0 YHCJCHHOIO MHOMKHUTENAS NMOPAAKA eAUHMIbI, 32BHCAIIETO
or E/mc2

PaccMoTpum Temepnp APYro#l mpepenbHblfl cayuyall, B KaKOM-TO
CMbIC/Ie NIPOTUBONOJIOKHBIHA NpPEALIAYIIEMY: CTOJKHOBEHHE 4aCTHLLL
C OTJIMYHOH OT HYJs1 MacCOH NMOKOSI W HacTHIbI ¢ HYJeBOH Maccoi
nokosi. CTONIKHOBEHHe NO-NpeKHeMy OyAeM paccMaTpPHBaTh B CH-
cTeMe KOODJHHAT, B KOTOPOH CPeAHHH CyMMapHbLIH HMIYJbC YaCTHLL
paBeH HyJ10. BOJHOBYIO (YHKUHIO HACTHIBE € OTJAMYHOH OT HyJis
Maccofl HOKOsl #KeJaTelbHO OrPaHHYUTBL 06JacThio [, KOTopas yxe
s(ppexTHBHOH 00JaCTH ONpeleseHUs] BOJHOBOH (GYHKIHH HaCTHI(bI
¢ HyJeBOi Maccolt mnokod. llycre MmMpHHA nocaenHeir o6JactH
paBHa A (dur. 6,6). Toraa HeompejeleHHOCTH B 3HAUYEHHSX HM-
nyJabca W 3HePrHH yacTHUBl OyAyT He MeHblle f/A u fic/A, MpuueM
9TH 2Ke BeJHuYMHbl OYAyT ONpeleddTh C TOYHOCTbIO L0 YHCJAEHHOTO
MHOXKHTeJs1 CpefHHe 3HAUeHHS HMIyJbca M 3HEPrHd 4acTuubl. Ta-
KUM 06pasoM, p = fi/h. KuHeTHuecKas 3Heprud 4acTHUBI C OTIIMYHOM
OT HyJIsi MacCO¥ IMOKOfl [0 MOPSAKY BeMHUMHE OyJeT paBHa

1 1
%[m2c4+(ﬁ _l_%)zCQ]/z_i_%[ 204+(ﬁ __?)202]/2_”162’ (3.4)

Tak Kak h/l — HeONpejie/iecHHOCTb B 3HAYEHUH HMITy/Ibca. T10CKOJBKY
! < A, BennuuHO# § B (3.4) NIpH OLleHKe HOPSLKA BeJHUHHBI MOXKHO
npene6peub. OTCOAA AJ151 MOJHOH KMHETHYECKOH SHeprHH Mojayyaem

h 202\,
E o~ 3ot (et + B2)" — e, (3.5)

(3.3)

MHH =
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a NJoIajAb 3alTPHXOBAHHOH wacTH NPOCTPAHCTBA-BPEMEHH Ha
¢ur. 6, 6 no NopsiAKYy BeJHYHHBI paBHA

a=%(l+ Av;").

(3.6)

rae Av — HeoNpeaeJeHHOCTh B 3HAUY€HHH CKOPOCTH BTOpOﬁ YaCTHILBI:
p+ B/l p — hfl
v=— LML ____poWL___ (36,
[+ (5 + BRI [+ (p = BiDYe™

2to BbIpaxKeHHe MO2KHO CHOBa 3aMeHHTh Ha
h 2 h? =/
T (m -+ T ) .

[Ipn mamHoM E MuHHMaJbHOe 3HaueHHe @ JOCTHTAeTCAd B TOM
caydae, ecau KuxeTudeckue 3Hepauu oO6edxX YACTHIL MMeKT OAHMH H
TOT e NOpsAAoK: oba ujiena B (3.6) craHOBATCA TOrfa HOYTH PaB-
HBIMH, H

! _(_E \)‘/z
A (ch+E, :

Ecai MHHHMaJNbHOE 3HAUeHHe a TpeOyeTcst OLleHHTb JHIIb IO MHO-
PAAKY BeJHYHHBI, TO LOCTATOYHO BOCIHOJIb30BaThes (dopmysoi (3.2),
yKe H3BECTHOH H3 pacCMOTPEHHsT NepBOro MpejeNbHOro cJaydas.
dopmyna (3.3) TakKe NpHroJHa, ecJH OJHA U3 ABYX UACTHUL HMeeT
HYJIEBYIO Maccy MOKOA.

[ByMepHBIH cayuaii OcOGeHHO YHOpollaeTcsd, ecaH 00e YaCTHIIbI
06J1alAI0T HYJIEBEIMH MaccaMH NOKOsl. B 3TOM cilyyae BOJIHOBhHIE ma-
KeTsl BOOOIe He PaCIpOCTPAaHAITCH, H HENOCPeNCTBEHHO BHIHO,
yto ¢opmyaa (3.2) BepHa. B uerbipexmepHOM ciyyae QopMmyJa
(3.3) Tak:Ke BepHa, HO ee [0Ka3aTeJbCTBO C NOMOIUbI0 fBHO MO-
CTPOCHHBIX BOJIHOBBIX IaKeTOB (0e3 CCHIJIOK Ha COOTHOIIEHHe Heol-
pelle/IeHHOCTH) OTHIOAL He NPOCTO. BoaHOBBle makernt Tpebyercs
IOCTPOHTb TakK, YTOGBl OHH ObIIM OrpaHHUeHbl MO BceM HampasJe-
HUAM, PAacHPOCTPAHAJNNCh He CJHIIKOM OBICTPO H MepeMellajuch
JUWb B CTOPOHY OLHOTO H3 [BYX MOJYNPOCTPAHCTB (TOCKOJBKY
O/lHa uacTHLa ABHJKETCSI BIPAaBO, a JApyras — BJeBO). Mol He Gy-
JeM moapo6HO OCTAHABAMBATBLCA 3[eCh HA NOCTPOEHHH TAKHX BOJ-
HOBHIX nakeToB. OHH HeoOXOZHMBIl AJs1 60Jlee CTPOTOTO JOKasaTelb-
crBa coortHoweHuil (3.2) m (3.3) H B cayuae KoHeunslx Mmacc. [Ipu-
BeJleHHLIE Bhillle A0KAa3aTeAbCTBA, ONHPABUIMECS HA COOTHOUIEHHS
HeoIllpefeJeHHOCTH, NOKA3bIBAIOT JIMUIb, YTO BeJHYHHH @ H U He MO-
ryT OBITb MeHbuie NPaBHIX 4YacTedl COOTBETCTBYIOUIHX paBeHCTB.
B camoM llesie, peaJM30BaTh HpPeAeJsl, - OlipefelsieMble COOTHOLIE-
gusmMu (3.2) u (3.3), upessniuafino TpyaHo. HckaouenneM cayxur
JMUIb ABYMepHBIH cJaydadl H coyZapeHHe ABYX YaCTHI[ ¢ HYJEBHIMH
maccaMH 1nokos. Bo Bcex ocraapHBIX cayuasx npelcKaszaHue



5. PeasTusucrcKas UMBAPUAHTHOCTL U KBAHTOBbIE ABAEHUSR 87

O CPaBHHTEJIbHO HH3KHX 3HAYEHHAX Qvun M Vuuw CAJ2HO B NIpeAno-
JIOXKEHHH, YTO BOJHOBble NaKeTbl CTAJKHBAIOIIUXCA YacCTHU AOCTH-
raioT MHHHMaJbHBIX Pa3MepOB B MOMeHT coyAapenus. HesaBucumo
OT TOro, O KaKOM HMEHHO ciyuae wuJeT peub, dopmynn (3.2) m
(3.3) nokasweIBalOT, YTO TOYHAs JIOKaJH3alLMs B NPOCTPaHCTBe-Bpe-
MEHH BO3MOXKHA JIUIIb NIPH COYLAPEHHAX CO CPABHHUTEJbHO BBICOKOH
IHepruefl CTOJKHOBEHHs1 H 6O/bIIOH HeOmpeXeNeHHOCTbIO IO 3HEep-
THH.

MMPUJIOKEHHUE 4°

OG6o3HaunM KOMIOHEHTH! BEKTOpa, HANPaBJAEHHOTO U3 COOBITHS |
B cofbiTHE 2, uepe3 X;, a KOMIOHEHTHI e[HHHUYHOTO BEKTOpA C Haya-
JoM B COOBITHH 1, HampaBJIeHHOTO BJAOJb MHPOBOH JIMHUM TNepBbIX
4yacoB, yepe3 e;. Torja KOMIIOHEHTH [EpPBOrO CBETOBOTO CHTHaJa
6yayT uMeTb BHI X; + fe;, a KOMIOHEHTH BTOPOrO CBETOBOrO
curnana x; — t'e;. CaelgBarenbHo (cMm. dwur. 4),

g% (x; + te;) (x, + te,) =0, 4.1
gl (x;—t'e;) (x, — t'e,) = 0. (4.2)

Ymuoxkasn (4.1) Ba ¥, a (42) Ha { m CcKJaAbIBas, MB HCKJIIOYaeM
y/IeHbl, JHHeHHbIE TI0 { ¥ {/, U NoJiyuaeM

20" x,x,, + 2t g*ese, = 0. (4.3)

[Tockonbky € — eIMHHYHBIA BEKTOp, CNPaBeMJHBO COOTHOILUEHHE
ik
glee,=1,

n u3 Qopmyanl (4.3) BHAHO, YTO AJMMHA NPOCTPAHCTBEHHO-NMOLOG-
HOTO KHHTepBasja MexJy Toukamu | u 2 paBHa ({f’)"%.

NPHJIO)XEHYIE 5

[TockosbKy onHcaHHBII B pab0oTe MeTOA H3MePEHHS KDHBH3HbI
[peloNaraeT NOCTOAHRYIO KPUBU3HY BO BCeX 06/1acTAX MPOCTPaH-
CTBa-BpeMEHH, B KOTOPBIX NMPOH3BOJAUTCA H3MePeHHE, MBI P NPOBe-
JeHHH BBHIKJIaJOK OYyAeM HCIOJNb30BAThH MPOCTPAHCTBO MOCTOSAHHOMN
KPUBH3HBI, TOUHee YacTb NPOCTPAHCTBA C IIOCTOSTHHOH KPUBU3HOIA.
PaccMaTpuBaTh Mbl OyjeM JHLIb OAHY NPOCTPAHCTBEHHO-NOZOGHYIO
och, T. €. AByMepHoe npocrpaHctBo Ae Currepa. Ilocnensee, kax
06eiuno [31], MOXKHO TOrpy3uUTb B TPeXMepHOe NPOCTPAHCTBO C KO-
opAHHATaMH X, Yy, T. ToukH npocrpanctBa Ae CHTTepa mpu 3ToM
o6pasytor ranep6oons

2ty —v=a, (5.1)

rie a — «paauyc Bcenennoii». B kauecTBe KOOpAHMHAT TOUKH MBI
OyJeM HCNOJb30BATh X M 4 MJAH COOTBETCTBYIOLIHEe MNOJSAPHBIC
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KoopauHathl r ¥ ¢. Merpuueckas ¢opma B NOJNAPHBIX KOOPAHHATAX
HMeeT BHU]

(ds)? = —2—r dr® — rdg". (5.2)

Kaxno# mnape 3naueHH# r, ¢ (32 HCKJIOUEHHEM 7 = @) COOTBET-
CTBYIOT IBe TOukH npocrpancrBa Ae CHTTepa ¢ MONOXKHTENbHBIM H
OTpHLIATe bHbIM

r=(r—a?)"

OTo He NPHBOAUT HH K KAaKHUM HeJIOPA3yMEHHsIM, MOCKOJDbKY BCe
COBBITHA TPOUCXOIAT TMpPH TMOJOXKUTeAbHBIX 1. HyneBble nuuun
(TpaeKTOpHH CBETOBBIX CHPHAJIOB) KacaloTCsl CKPYXKHOCTH 7 = q.

Muposas nuruA

g semono

4
Muppeas
JIIHUA Yacos

@ ur. 7. AHaau3 skCnepUMEeHTa, u306paKeHHOro Ha QHT. 5.

Mokz3aH BUA, Koropblii uMeer runepbosoun me CHUTTEpa, €CJIH HA HEro CMOTPETh BAOJb OCH.

Kakmasi TOYKa BHe OKDYXHOCTH OTBeyaeT [ABYM TouKaMm Mupa je CHTTepa ¢ OJHHAKOBBIMH

TPOCTPAHCTEEHHBIMY KOODJAUHATAMH M DABHLIMH MO BeJHYHHE, HO MPOTHBOIOGJOXKHBIMH MO 3HA-

Ky BpeMeluHBIMH KoopAuHaTamu. [TepBoil cBETOBOH curHaj, HCIYLIEHHBIH B TOYKe [/, HOCTHraer

3epkana B Touke I’ W BO3Bpallaercsl K dacaM B Touke 2, Bropoll M TpeTHHl CBETOBBIE CHIHAJEI
npoxouAr nyTu 223 u 334,

OnucaHHpll B TEeKCTe 3KCUIEPHMEHT yHOO6HO aHaJH3UPOBATh
¢ nomoupio ¢ur. 7. [IpeanonouM /s IPOCTOTLI, YTO YaChl U 3ep-
KaJio <IOKOATCA®, T. €. MX MHPOBble JHHHH HMEIOT MOCTOSIHHLIE MHO-
JsipHBle yrabl, pasHbie cooTseTCTBenno 0 u 8. IlepBnlil cBeToBOM
Jyd NPOXOAUT myTh U3 I B 1’ u u3 1’ B 2, Bropo#t —u3 2 B 2/ u us
2" 3 v tperuit —us 3 B 3’ u u3 3’ B 4. [loaspuuili- yron panuy-
ca-BeKTOpa, MepHeHAUKYJAPHOTO NepBofl Hactd 22 MHPOBOH NUHHE
BTOPOTO CBETOBOrO Jyua, o0o3HauuM uepes . M3 ¢ur. 7 Bumuo,
4TO YroJl @y, .KOTOPbIi MHPOBas JIMHUS 3epKana obpasyer ¢ pajguy-
COM-BEKTOPOM, MEPIEeHIMKYASPHbIM BTOPOHl yacTi 2’8 MHPOBOH JH-
HHY BTOPOI'O CBETOBOI'O CHTHAJa, PaBeH

=@, +9. - (5.3)
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Yrabl @, @i, @, H @; HMEIOT aHAJOTHYHbIH cMbicI. Mbl He yka-

3ajqu ux Ha ¢ur. 7, 4To6bl He 3arpoMoxAaTh ee. Paccyxkpaas Tak
Xe, Kak npu BbiBoAe (5.3), nosyuaem

=@, +6=q,+ 29, (5.3a)
@ = ¢ — 29, (5.36)
= @3 + 20 = @, + 490. (5.38)

[Tycte ry, 1o, r3, 4 — PaJNyCbl-BeKTOPH! (B NOJSIPHBIX KOOPAHHATAX)
Touex I, 2, 3,

rp=—2, (5.4)

cos @y

CoGcTBeHHOe BpeMs1 f, PerMCTpHpyeMOe 4acaMy, MOXKHO MOJYUHTh,
HHTErpUPYs MeTpuuecKyio ¢opMy (5.2) mo MHUDPOBOH JHHHM 4acoB

9 =0: 1

t=aln[r+ @2 —a?)"]. (5.5)
Torza Bpemsa ¢ HaXOXIeHHs1 B OYTH BTOPOTO cHruasna OyneT ompe-
deaarbcs GopMynol

r3+(r3—a)/2 _ costp2(l+sinq>3)
ro+ (r2 —a )Vz - cos @3 (1 + sin q>2) '

AnanoruuHble BbipaXKeHHS! MOJYYAIOTCA H AJsl HEPBOrO M TPEThEro
cursaJsoB. Bce mossipHBle yraIbl @ MOXKHO BHIDA3HTh 4epe3 @z H 0.

7
DTo0 no3BoOJSeT BBIUUCAHTL yIvibl @;+ [lpu Mansix 8 Haxogum

(5.6)

t2=a1n

~

t — 2+ 1, Bl (5 7)
tg a’ )

CienosatenbHo, uHBapuant Pumana R = 2/a? nponopunoHased
KBajpaty Bbipaxernus (5.7). B uactroctH, R ofpaiiaerca B HYJb,
ec/id BbIpaxKeHue (2) paBHO HYJIO.
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O CTPYKTYPE TBEPIbIX TEJ ')

1. ®usuxa Bcerga pasBUBaeTcsl Mo ABYM HampaBieHuaMm. Onun
ee ¢pouT obpalileH K SIBJEHUSM, He BNHCHIBAOIIAMCA B OGIIYIO
kapruny wMupa. [lob6egnl Ha 3TOM (pOHTe 3HAMEHYIOT BaXKHble
pM3MeHeHHs] B (OYHIAMEHTA/JIbHBIX KOHLUENUUAX. B Hamu JHu uMeHHO
Ha 3TOM HanpaBJ/eHHH, HCIONb3ysl KaK TEOPHIO, TAK U 3KCIEPHMEHT,
t¢husuku Benyt OopbOy 3a Jyulllee MOHHMaHWe SAEPHBIX SIBJCHHH.
Ho moMuMO noucka HOBBIX KOHLENUW#, HUKOTZA He ocjiabeBaer
cTpeMJieHHe YrJAyOHTb H pacllMPUTh HAllM 3HAHHA O SBJEHHUSIX,
KOTOpBie, MO HallleMy yOeXAeHH!0, #oeyr ObITb NOHSATH HA OCHOBE
yKe CYLIECTBYIOUMX MpeCcTaBJaeHHil U TeopHil. DTO BTOpOe Hampa-
BJEHHE pas3sBUTHS (U3UKHM, HECOMHEHHO, MMeerT MeHbllee 3Ha-
yegue. OHO pelKO NPHUBOAMT K (PYHAaMEHTAJbHBIM OTKDPHITHSIM B
caMoii (u3HKe, HO OUeHb BaXKHO [JI51 HCCJNEOBAHHH, NMPOBOMXMMBIX
B e MOTpaHHYHBIX 06/1acTaX, TAKHX, KaK (QU3UYecKas XUMHS, H B
npukaAagHbpix Haykax. OxoJio IlecTH JeT HAa3aJ] CHEKTPOCKOIHs
BHE3aMHO COBepLIMJa Mepexof H3 MepBOH KaTeropuH BO BTOPYVIO.
HemHoro mosgHee cTaso sSICHO, YTO H3y4YeHHe TBEpABIX TeN TaKiKe
NpHHAaIMeXUT Ko BTOpoMy Hanpasjenuio. Hecmorps Ha 3to, ¢u-
3MKa TBEPLOro Teja ocCTaeTcsl OHHOH M3 HaHOonee NpPHUBJIEKATE]b-
HbIX o6JacTefi HccaefOBaRHs, HOO B Hell HayYHBIMH MeTOJaMH H3Y-
yaeTcs TO, C 4eM HaM IPHXOAMTCH CTaJKHBaTbCA B HalleH MOBCe-
nHeBHoM npaxkrtuke. Hampumep, Mbl HHKoraa He 60UMCS, 4TO KJi0Y,
ec/IM ero YpOHHTb, Pas/jeTHTCs Ha YacTH, Kak cTekjo. Ham Hu-
KOTZia He TPHAeT B TOJNOBY ONMAcCaThCsl, 4TO 30/10Tast MOHETa MOXKeT
PaCTBODHTbCSI B BOJAE HJH HCHAPHTbCS, eClH ee OCTABUThL Ha OT-
KpPLITOM BO3ZYyXe.

PenTredocKonuueckne HCCJAENOBAHHSI HO3BOJHIM YCTAHOBUTH,
4yTO GOJBIIMHCTBO OKPYKAIOLIUX Hac TBEPAbIX TeJ — KPHCTaJJb,
310 BOBCe He 03HAYAET, YTO OHH HENpeMEeHHO NpeACTaBJAIOT coboii
MOHOKPHCTAJJ, XOTS M TaKoe BO3MOXKHO JaxKe 15 TeJl CTOJb 60Jb-
Imux pasMepoB, Kak aificGepru. OOblyHO TBepAble Tejda o6JaanaioT
NOJMHUKPHCTAJNIHUCCKUM CTPOEHHEM, T.e€. NPedCTaBIAIT CO60H KOoH-
[JIOMepaT MHKPOCKONHYECKHX KPHCTAJJIOB Pa3nyHbX pa3Mepos. Ta-
KOBBI, HampuMep, MeTa//IHuecKHe YacTH OOGBIYHBIX HHCTPYMEHTOB,
opyauit Tpyaa u T. n. CJIOBO «KpHCTaJJbl» B JaHHOM Clyyae O3Ha-

1) Ony6aukoBano B xypHatae: Scientific Monthly, 42 (January 1936).
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yaeT He TeJa NMPaBHAbHOH (GOpMBI, KaKHe Mbl BHAHM B KPHCTalJO-
rpaduuecKHX KOMJIEKLUHSX, a JUIIb NOAYepKHUBAET, YTO OTAENbHBIC
3epHa TBepJOro Tesaa o6/afaioT NPaBHJILHON BHYTpeHHEl CTPYKTYy-
potl, BO3HHKAWUIEH BCJAEACTBHEe YAUBUTEJIbHO NPaBHJIBHOTO pacro-
JIOXKEHHsI aTOMOB B BHMAe IPOCTpaH-
CTBEHHBIX pewerox'). Ilpumepn Ta-
KX pelleTOK NokKa3aHbl Ha ¢ur. l.
(KpyKu 03Ha4alT LEHTPH aTOMOB;
NMHHH He HMelOT (PH3HUECKOTO CMBIC-
Ja M TIpOBeJleHbl TOJNBKO Ui TOTO,
ytoObl NOJUEPKHYTb OOLEMHOCTH pe-
weToK.)  OmnpeneneBHelM  06pasoM
OpHeHTHpOBaHHas ob6jacTh, B Tpele-
Jlax KOTOpPOH aTOMBl paclo/OXKeHbl
[IPaBHJIBHO, HAa3bIBAe€TCA MHKPOKDH-
CTaJJIOM; OHa MOXKeT HMEeTb pasMe-
pet or 0,00001 mo 1 mm u naxe 60/b-
mwe. ¥ TakKux MHUKPOKPHCTAJJIOB rpa-
HHIA OObIYHO HMMeer KpaflHe Henpa-
BUIbHYIO (opMy. XaOTHHYECKH TpH-
MBIK4Sl APYT KJAPYTY, MUKPOKDHCTAaJ-
Jabl 06pasylor NOJHKPHCTAJIHYECKOE

®ur. 1. a— ¢pparmenr peuterkn KCl.

3auepHennbiMUu  KPYXKAMH YKa3aHb! [OJOXKCHHS HO-

HOB KaJIHsl; (8eTabiMlu — TNOJOXKeHHsI HOHOB XJ0pa.

Paccicgnue MexAay GJuKalIliAMY COCEASIMH DaBio

0,00000031 mm. OGnidHzA KaMeHHas CoJb ofJaanaer

peweTKoH TaKOro e BHJAQ, 110 ¢ HECKOJEKO MeHb-
HWIHMH pacCTOSHHSIMH MEXAY Y3JaMu.

0 — (dparMeHT pellleTKH L1eJOUYHOro MeTasaa.

KpyxkaMu H3o6pamenbl NedTpbl Macc aTtoMoB. Pac-

CTOSIHHE MeXKAy GamxadiuMH COCeRsIMH IANS HATPHSA
coctasaser 0,000000372 mm )

8 — 3JleMeHTapHasa SYeHKa pelleTKH a/amMasa,

Paccrostine Mexay OGaHXKaBUHMH COCENSIMH DABHO

0,000000154 mm. AnagoruuHoit peuweTkolt c¢. paccros-

guem 0,000006234 mm mexay ONHKAHIIHMH COCEensiMY
obnanaer xpemuuii. .

teno. (OueHb MaJjo M3BECTHO O TOM, KakuM 00pa3oM MHKPOKPH-
CTa/JIbl ¢ HX Pas3jH4YHOA OPHEHTAUHEN NPUCTPAMBAIOTCS H HPHUMbI-
KaloT Apyr K japyry. Hekortopble cumTaior, uro cyLlecTBYeT OueHb
TOHKHH CJOH HeKpPHCTaJnH4ecKol (a3bl, «CK/AeHBAOLHUA» MHUKDO-
KpUCTaMIbl, HO yOeJHTeNbHBIX JAHHBIX, MOOATBEpHKAAIOLIHX TaKoe
MHeHHe, HeT.) ;

W3 Bcex TBepHBIX Tes, 06HAPYXKEHHBIX B IIpHpoAe, npeobianalo-

1) B coBpeMeHHOH KpHCTaanorpaduy NPaBHJIBHOE DACNOJOXKEHHe aTOMOB B
NpOCTpaHCTBE HasbiBaeTcsi CTpykTypoi. Hanpumep, rosopst crpykrypa KCl, crpyk-
Typa aaMasa u T. L. — ITpunm. peo. amepukanckoezo usdanus. -
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Y0 4YacTh COCTABJAIOT KpucTamabl. [IpaKTuuecku npu Gauxaii-
IIEM pacCMOTPEHHH KPHCTaJIAMH OKa3bIBAlOTCH BCe CKajibHble MO-
ponbl, Jel, a TakXe Bce MeraJsbl. IlecYHHKH ABAAIOTCA He ueM
MHBIM, KaK MaJeHbKMMH KDHCTAJJIHKaMH; KHPHasi [VIHHA TaKxKe
MMeeT KpHCTa/UIMuecKoe cTpoeHHe. Hekpucrajnmueckux TBepubix
TeJ, ec/IH He CUMTATh CTEKOJ U BELeCTB OPTraHHYeCKOTO MPOHCXOXK-
JleHus, HaIpUMEp JpPeBecHHy, Kpailine maso.

2. Tlpu uccieqoBaHUM TBEpABLIX TeJd NPHUXOAUTCHA BBIAENSTL pas-
JHUHBIE TPYNNBI HX CBOHCTB H H3yuyaTh MX OTIedbHO. [Tpu uccieno-
BAHHH ra3oB WJY XKHAKOCTEH TaKOH HeOOXOAHMO-

CTH He BO3HHKAJMO.

BeskoMy sicHO, YTO paccMOTpeHHe NpaBUJlb- T T
HOH pelleTKH HAMHOTO Ipolle, ueM H3y4YeHHe
rpyAbl GecnopsioYHO HarpoOMOXKIEeHHBIX aTOMOB.
UpesBbluafHO BaXKHO HOTOMY, UTO MHOI'HE CBOM-
CTBA TNOJHKDPHCTAJJIOB COBNMAJAOT CO CBOUCTBa-
MH HJeaJbHBIX MOHOKpHCTaJI0B. Takue cBoiicTBa
CBSI3AHBl C SIBJEHHSIMH, 3aTPArHBaIOLIUMH BCIO
Maccy MaTtepHaja, HampuMep ¢ HClIapeHHeM,
naBJjenHeM, YAeIbHbIM BECOM H CXKHMAaeMOCThIO.
B noHWMaHHM MMEHHO 3THX «HEUYBCTBHTEJbLHBIX»
CBOMCTB HaM yJaJocb MNPOABHHYTHCS OCOOEHHO
Jlajleko, U B 3TO# CTaTbe OCHOBHOE BHHMAaHHE
O6yaer yaeqeHO HMEHHO UM.

K coxaseHulo, oueHb MHOTHE BaXXHble CBOH- [>
CTBA NPHHAJJEXAT KO BTOPOMY KJaccy — K KJjac-
CY <«YYBCTBUTEJBHBIX» cBofictB. CoOnNpoTHBJAEHHE
paspylieHHIo, HampuMep, onpejensieTcss Haub6o-
nee cnaboit yactelo Kpucrasmna. OnHoro pedex-
Ta uHOraa OblBaer JOCTaTOYHO, YTOOGLI BLI3BATh
paspyuienue o6pasua np# OYeHb MaJiol Harpys-
Ke, cocTaBJsoLlel /1o Han naxe i LOJMI0 TOH,
UYTO MOKET BBIJepKaTh HAeaJbHBIH KPHUCTAJI,

Ha ¢ur. 2 nokasada rpybas cxema TOro, Kak l ¢
3TO MOXET NPOU30HTH: Hanps:XKeHus, u3obpa-
KaeMble B BUJE JUHUN HaNpssKeHUH, KOHUEHTPHU-
PYIOTCSI B OKpPEecTHOCTH Je(eKTa M JOCTHraiorT
3HAYeHHMH, BO MHOr0 pas IPEeBOCXOAAUIHMX BeJHUHHY HaNpsKeHHs
B ocrajbHOM oOveme marepuana. CHabHag KOHLEHTpalus Hamps-
XKeHHA MOXKeT NPHBECTH K PACIIHPEHUIO TPeLlUHbl, a 3aTeM H K pas-
pylieHdio Bcero Ttena. Takum o06pas3oM, Te YacTu Teaa, KOTOphIe
PacnoJioKeHbl BHIIE H HUXKE TPELHHBl, He TOJbKO HE YBETHYMBAIOT
IPOYHOCTh MaTepuaJjia, HO SBHO yMEHbINAIOT €€, T. €. MPOYHOCTh
BCEro TeJa Tropasj0 MeHblle, YeM [POYHOCTb ero chaabeliei
4acTH. , Lo

dur. 2.
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MoxHO npoBecTH napaJJjeib MeXIy 3JeKTPHUeCKHM mnpoboeM
H30/1TOpa H MNpPENeJIOM YNPYrocTH (HAaHMEHbIIHM HanpsiKeHHeM,
BBLI3BIBAIOIHM OCTATOYHYIO Je(pOpMAILHIO), NOITOMY NPH H3YYEHHH
<UyBCTBHTEJbHBIX» CBOHCTB KpPHCTaAJOB HeOOXOAMMO 3HATb He
TOJIBKO KPHCTaJJ B LEJOM, HO H ero «IaTOJOTHIO», T. €. 6c060 onac-
Hble H3BAHB U JedeKTHl.

[ToMHMO «4yBCTBUTENBHBIX» H <HEUYBCTBHTEJNBHLIX» CYLIECTBYET
pAl NPOMEXYTOUHBIX CBOHCTB, CBS3aHHBIX ¢ rpaHunamu. Onun us
HHX, HallpiMep TePMOHOHHAS 3MMCCHA JEKTPOHOB, oT4acTH 06ycio-
BJIEHB OCOOEHHOCTAMM HApYXKHOH MOBEPXHOCTH TeJa, Apyrue, Ha-
IpUMep 3JeKTPONpPOBORHOCTh coJjiefl MoJ JaBjieHHeM, 3aBHCST OT
CBOHCTB BHYTPEHHHX rpaHHil KpucraaaoB. Ha 3Tu cpoficTBa oKasbl-
BalOT BAWsAHHE Jaxke HeGoablliHe npuMecu. IIpHHAB ocoOble Mepbl
NPeLOCTOPOXKHOCTH W MNPOABUB HEAIOKHHHOE HCKYCCTBO, 3KCMEpH-
MEHTaTOpPbl HHOTJA I10J1y4aloT BOCIPOH3BOAMMbIE pe3ysabTaThl U A/
storo kpyra sisjenuil. Hepenko oOnapyxenHele ¢hakTbl NoaAaloTCs
TEOPETHYECKON HMHTEpPNpeTalHH TAK XKe JIETKO, KAK «HeYyBCTBUTE/Ib-
HbIe» CBOHCTBA.

3. OGparumcsi Tenepb K «HEUYBCTBHTeJbHBIM» cBoiicTBaM. Okxa-
abIBaeTcs, YTO Ja)Ke 3TH CBOHCTBA TBEPIBIX Tel [0 CBOEMY pasHo-
o6pa3uio HaMHOTO NpPEBOCXOIST aHAJOTMYHble CBOMCTBA Tasos.
C upcTO HMNUPHYECKO TOYKH 3DEHHS Pas3/iMYaloT YeThiDe OCHOBHBIX
KJacca BewiecTs, 06/afaloyX «HeUYBCTBHTEIbHBIMHY CBOHCTBaMU:

a) MOJIeKYJspHble KPHCTAJJIH;
6) MeTaaubl;

B) BaJleHTHble KpPHCTaJJIbi;

r) HOHHbIE KPHCTAJJBL.

MexAy 3THMM KJaccaMM BO3MOXHLI MHOTHE TMOCTEeNeHHble Nepe-
xonpl. IlpuHuuner Takoft KiaaccuHkKamHu ObUIM  3aJ102KeHH
I'pumMmom.

a. Moaekyasapuole spucrasavl. VI3 TakKuX KPHCTAJJIOB COCTOSIT
uHepTHble raspl, HanpuMep He, Ne, Ar u T. I, uau coeadHeHus
C HachlIUeHHbIMH cBsA3siMu, HanpuMep Ho, No, Og u 1. 1., CHy, CoHg,
Hs0, HyS u 1. 1., a TakXKe BCe OpraHHYeCKHe COeNHHeHHsS. DTH Be-
mecrBa 06/1a4al0T MaJIo# TeNJIOTOH HCMapeHHs W KOHLEHCHPYIoTCA
TOJIbKO TIpH CPaBHUTEJbHO HU3KHMX TeMnepaTtypax. OHu MArKH, yMe-
PEHHO XPYNKH, XOpOLIHe H30JATOPH], NPO3pauHbl (€CJaH He CUHTAThH
Tex ofJsacreil cnekTpa, B KOTOPBIX 00pasylollHe HX MOJEKYJbl MOo-
[JIONIAI0T CBET).

6. Meraaao.. CBoficTBAa MeTaJJIOB BO MHOTOM IPOTHBOIOJIONKHBI
cBOHCTBaM BelleCcTB KJaacca «ay. [lJf- MeralsoB XapaKTepHbl Ha-
MHOro 6OJIbIIME CHJIBI CBSI3H MeXJy aTOMaMH, OHM ob6sanaior GoJsee
BBICOKHMH TeIVIOTAMH HCIapeHus W 3HAYHTeJNbHO GoJibllefll TBep-
noctbio. Oco6eHHo 3aMeuaTe/bHOE CBOHCTBO METANJIOB — HX XOPO-
masi 3JeKTpo- H TenaonpoBogHocTb. OHU HeNpo3pauHbl, H MHOTHe
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BaXKHble NPHMEHEHHS MeTa/JOB B NPOMBIIJIEHHOCTH CBSI3aHBl ¢ HX
IVIACTHYHOCTBIO, T. €. C HX CNOCOGHOCTBIO Pa3pyllaThCsl JHIIb MOC/E
3HauuTenbHOH Aedopmanuu'). MeTanabl Xopouo pacTBOPSIOTCSA
B Merajjax (CHJaBbl), HO eJBa PacCTBODHMBbI B BeLLleCTBAaX APYTHX
KJ1aCCOoB.

8. Basentnoie kpucraasv. K uX yucay oTHOcsATCA, HaopuMep,
anMmas, KBapl, KapOopyHJ.

e. Honnoe xpucrasror (coau). OHM OIHOTHHHBI 1O CBOEMY
CTpOeHHI0. [/l HHX XapaKTepHBbl BBICOKAasl TeIJIOTa HCIIApeHHS H
3HauMTeJ/bHBIE CHJBI clenenus. [Tom06HO MOMEKyAApHBIM KPUCTAJ-
JlaM, OHHM TNpO3pauHbl, XOPOIIHE H30JSATOPLl, TBEPABl U XPYIKH.
OcHoBHOe pa3/nuue MeKAy MOJEKYJSIPHBIMH M HOHHBIMH KPHCTaJ-
JaMH COCTOHT B TOM, UTO fepBble 00pa3oBaHBl HEHTPAaJbHBIMH aTO-
MaMH, & <KHPUOHYHKAMH», K3 KOTODBIX MOCTPOEHBI COJH, CAYXKAT
3JIEKTPUYECKH 3apsKeHHble HOHbBI, yIep:KHBaeMble CUJaMi MPHTH-
JKeHHd, AeHCTBYIOIIUMH MeXAY Pa3HOHMeHHBIMH 3apsaaaMu. Beaea-
CTBHE 3TOTO COJH XOPOLIO pPacTBOPSAIOTCH B MKHAKOCTAX ¢ O0JbIIGH
JAH3JEKTPHYECKOH NOCTOSIHHOR (HampuMep, B BOJe), HOCKOJAbKY Ta-
KHe XUJKOCTH CHJbHO OCJAa0JSIOT NPUTSKEHHE MEXKAY HOHAMH.

IlpuBenennyi0 XapakKTepHCTHKY uHeThlpeX KJAcCOB TBEepPABIX Tel
clegyeT NMOHMMAaTb B TOM 2Ke CMBICJe, KAK IIPHHATO NOHUMATb aHa-
JIOTHYHYIO XapaKTepHCTHKY KaKoro-HHOyAb ceMeHCTBA pacTeHHH B
6orannke. Takasi K1acCHpHUKaUud He yCTaHABJHBAeT XKECTKHUX Npa-
BHJ, a OmpeleJiseT JHLbL HeKHH HJeaJs, OT KOTOPOTO peaJibHO Cyllle-
cTByIOLIMe 00pasibl, 0COOEHHO CJOXKHbIE COeIHHEHHs, Hepelko OT-
KJIOHsAOTCA. KpoMme TOro, cyulecTByeT MHOXKECTBO TBepIBIX TeJ, 3a-
HHMaIOUWIUX NPOMeXyTOYHOe IIOJIOXKEHHe MeX1y Ha3BaHHLIMH Ye-
ThIpbMs KJaccaMu. MIHOTZa BHYTPH OTHEJBHBIX CJOEB BelIeCTBa MbI
HabJ/ofaeM pelleTKy OAHOTO THIIA, B TO BpPeMS KaK CHJB B3aHMO-
HeHCcTBHA MencOy CJOSIMH XapaKTepPHBl AJSl KPUCTANIHUECKHX pe-
meTok Apyroro Tuma. BerpeualoTcs u Takue ciayuyau, KOrja Belle-
CTBO HeJb3fl C yBepeHHOCTbIO OTHECTH HH K OJHOMY H3 4YeThipex
KJIaCCOB H OHO MO CBOHMM CBOHCTBaM 3aHMMAaeT NPOMEKYTOUHOE [10-
JIOXKeHHe MeXAy NByMs (i faxe TpeMmsi) Kaaccamu. OcoBeHHO MHO-
ro BellecTB ob6JafaeT OJHOBPeMEHHO CBOHCTBaMH, NPHCYIIHMH Ba-
JIeHTHBIM H HOHHBIM KpHCTaaJaM.

Bce e Takue HCK/IIOUeHHS peikH. BaxkHocTb Npei/oxkeHHOM
Kaaccu(puKaluy CTaHOBHTCA OCOOEHHO NOHSITHOMH, €CAH YYecTb, UTO
HHCTHHKTHBHO MBI MOJpasjessieM Ha uyeTbipe HAa3BAHHBIX BHILIE
KJacca Bce TBepAble TeJla HEOPraHHYECKOTO MPOHCXOXKAEHHS, KaKkue

1) WmeHHO noaToMy Kycok MeTaidflla He Da3pyuiutcs, ecauw ero OpOCHTL Ha
nos. Pesku#l yaap o nos Bhi3niBaeT OTPpOMHble HanpsXKeHUs, moj AeACTBHeM KOTO-
PBIX MeTaJJl NpeTepleBaeT MIACTHUECKY0 AedopMauuio, Ho He pa3pymlaercs. [laa-
CTHyeckan RedopManHs MO3BOASET MeTaANy HrpaTh POJb CaMOaMOPTH34TOPA, MO~
CKOJIbKY BOJIHA CXKaTHf pacnpocTpaHseTcs no BceMy Mera/uly 3a 60/bLUIOE BpeMs,
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TOJIbKO NMONAJaiT HaM B PyKH. XapaKTepHCTHKY Ka)KIOrO H3 ue-
THIPEX KJacCOB MOXHO paccMaTpHBaTh Kak HayyHoe ormcanue bu-
3HYeCKHX CBOHCTB (TelJIOTBl HCMapeHHs, TBepAOCTH, 3JEKTPOmpo-
BOJHOCTH, XPYIKOCTH M T. A.), KOTOpble Mbl HajgeeMmcsl OGHADYIKHTD
HocJe OCMOTpPa H HEKOTOpOH 00paboTKH y TaKHX BellecTB, Kak
TBeplas YrJeKUca0Ta, POAHll, KapGopyHi, raayGepoBa Ccolb, Aaxe
ec/l 3TH BellleCcTBa BCTpeuawoTcs Ham Bhepsele. C APYrod CTOPOHH,
MBI COBEpLIEHHO He 3HaeM, UTO OXHUAAThb OT BEILECTB ¢ TAKHMU Ile-
PEXONHBIMH pellieTKaMH, Kak y Kapbuaa uam naxe y rpadura.

4. OrpomHbie pasuyusi MeXAY (HU3MUECKHMH CBOHCTBAMH pas-
HBIX KDHCTaJJIOB $ICHO IIOKashlBAIOT, YTO CHJBL, yAEPXKHBAOLIHe
ATOMBI MJIM MOJIEKYJbl, ¥ BCEX YeTbipeX KJAacCOB KPHCTAJJIOB HEOAHU-
HaKoBBHl. UTOOBl MOHATbL NPOHUCXOXKAEHHE H IPHPOAY 3THX CHJ, He0oO-
XOZMMO IpexKJe BCero HamOMHUTH, KaK YyCTPOEHB! OTHeJbHBE aTOMH
u MoJsekyJel. UnrateasMm :xypHanaa Scientific Monthly sto, HaBep-
HOe, XOPOIIO H3BecTHO. JIUIIb HeZaBHO HAa ero CTpaHHLax ¢ GaecTs-
mHM 0630poM Ha TeMy O CTPOEHHH ATOMOB H MOJIEKYJ BBICTYITHJ
npod. Jiipunr!). Ilo Pesepdopay, atom cocTOUT HpexKie Beero u3
TSKEJNOTO 54pa, B KOTOPOM COCPEAOTOUEH Bech IOJOXKHTEIbHBIN
3apAj M BcA Macca aToMa (3a HcKJwoueHHeM ~ 1/2000). Llentp rta-
JKeCTH aToMa IMepHOJMYECKH COBIajaeT C AAPOM, B CHIy Yero
Kpy&KH Ha ¢ur. 1 MOXKHO paccMmMaTpuBaTh JUOO KaK IOJOXKeHHUf
aToMOB, Jn00 KaK MOJNOXKeHHs sifep. ATOMHOE $1IpO, HEeCMOTpA Ha
€ro MaJjible pasMephl, I0JIHO TalH H 3aragok. K cuacTbio, #js NOHH-
MaHHU$sl TBEPJOTO COCTOSHHS OHM He MMeloT 3HaueHusi. Posb HocuTe-
Jaell OTpHLATENBbHEIX 32apSAJA0B, B TOYHOCTH KOMIIEHCHPYIOIIHX MOJO-
KUTEAbHBIl 3apsif sAipa HeHATpaJsJbHOrO aToMa, HTPAaloT Jerkne uda-
CTHIB — JEKTPOHBL. DTH 3JeKTPOHBl OKPYKAWT SAPO Hanogobue
ruraiTckoro o6/aka, pasMepbl KOTOPOTO B COTHH THICAY pas mpe-
BOCXOAAT pa3Mepbl aTOMHOIO $ipa, XOTA TOJINHHA caMoro obnaaka
coctaBasger Bcere Jauils okogo 0,0000001 mm. KsanTOoBass wMmexa-
HHKa, CO3JaHHas OKOJO BOCbMH JeT Hasapn [eiisen6eprom, Ilpe-
nuHrepoM u JupakoM, OTKpblIa HaM TOYHble 3aKOHBl JBUKEHHS
3J1eKTpoHHOro o6snaka. Temeps Mbl yxe B COCTOSIHHM PacCUMTaTh
[WIOTHOCTh 3TOrO0 00JaKa Ha pas/iH4HBIX PAaCCTOSTHHAX OT fAnpa.
CpaBH#uBasi MJOTHOCTb paclpejiesieHHst 3AeKTPOHOB B Pas3JiMYHBIX
TOUKAX pelIeTKH, Mbl, €CTECTBEHHO, HajeeMcs NOJIYYHTb BaKHbIe
CBEeJleHHs O CTPOEHHH TBEPAbIX TesJ. BHeulHue, WM BaJsieHTHBHe,
9/JIEKTPOHBl ONpeleNAI0T Bce XHMHUYeCKHe cBoficTBa aroMa. Ha
¢ur. 3 cnaowWHON AHHUEeH MOKa3aHa MJAOTHOCTH BAJEHTHBIX 3JIGKTPO-
HOB KaK (YHKUHS paccTosHus oT sjapa. Kpome rtoro, Ha ocu abe-
IHCC OTMEUEHO MNOJIoXKeHHe OnmKailuero cocefla, a MYHKTHPHOM
KpHBOH TNOKa3aHO pacnpejesleHHe NJOTHOCTH BaJIeHTHBIX 3JEKTPO-

') Eyring H., Scientific Monthly, 39, 415 (1934).



6. O crpyktype TAR2pObIX TEA a7

HOB Oauxkaillllero cocefla 8004b npaMoli, coedunsaouell ezo ¢ hep-
soim aromom. Ha ¢ur. 3, a o6e KpuBble NaHb JJs refnsi, HanboJsee
XapakTepHOTO MpeACTaBHTENst MOJEKYJAPHLIX KpHCTANJIOB; Ha
¢ur. 3, 6 — nJs BaJEHTHOrO KpHCTaJJa KpeMHus; ua ¢ur. 3,8 —
/ISl THIIHYHOTO MeTaJjJja — HaTpusl B Ha ¢Hr. 3,2— Al PeleTKH

i -
i—lﬂ'acwb ¢ <10~ e

® ur. 3. a— pacnpefeneHue 3apsfa ABYX COCEJHHX aTOMOB refus B KpHCTaMIH-
YyeCKOll pellleTKe.

6 — pacnpejenieHue 3apsila BaJEHTHBIX 3/1eKTPOHOB B CBOGOJHOM aTOME KPeMHHS
(cnaowras KpuBas).

Hynxruprod KPpUBOf MoKaszaHO paclpefieseHue 3apsija BaJeHTHBIX 3JeKTPOHOB APYTrOro aTtoMa
K{'/eMHHA, DPacCloJiOXKEKHOrQo OT NePBOIO Ha TaKOoM K€ PacCTOSsHRU, KaK B pelleTKe,

8 — pacnpeje/ieHre 3apsija BaJeHTHLIX 3JIGKTPOHOB B CBOGOAHOM aroMe HaTPHs
(¢cnaownas xpupas).

Iynreuprod KPUBOW NMOKa3aHO pacnpelerneHHe 3apsjia BaJEHTHHIX 3JeKTPOHOB APYTOro aToMa
HATPHS, PACHONCHKEHHOTO HA PACCTOAHHH, PaBHOM pacCCTOSIHHIO MexXAy OJMXaHIWHMH coce-
ASMY B KpBCTaaauueckoll perrerxe.

& — pacnpejeseHne 3apsifa BAJCHTHEIX 3JIEKTPOHOB B HOHAX Kanus (CAAOWHAA KPH-
Bas) H XJopa (MYHKTUPHAA KpHUBaf).

PaccrosiuMe MeXLy HyJAMH ABYX OGOYHKUHE pachpefienedHs PaBHO pacCTOSIHHIO Mexay Ouau-
KadWmnamy Honamu B pemieTtke KCl.

KCl, ouenb HamoMuHaIONell peleTKy OOLIYHON ITOBApEHHON COJIH.

Cpasy Ke 3aMeTHO CYIIECTBEHHOE pasJjHuyve MeXJAy MOJeKy-
JAPHBIM ¥ HOHHBIM KpHcramaamu (¢ur. 3,a u 2), ¢ OIHOH CTOPOHHBI,
¥ BaJIEHTHLIM KpHCTaJLJ0M M MerassioMm (dur. 3,6 u 8) — ¢ ApyTroi.
Y mnepBHIX NepeKpbITHE 3JeKTPOHHEIX O00JAKOB Masio, y BTOPHIX
5JeKTPOHHble 00J1aKa NepeKkpbIBAIOTCSI HACTOJNBKO CHJIbHO, UTO He-
BO3MOJKHO CKa3aTh, KAKOMY aTOMY NPUHAJJNEXHT ONpeleseHHbIHA
BAJIGHTHBIH 3/IEKTPOH. B MOJIEKyJSIPHBIX M HOHHBIX KpPHCTAJLIaX aTo-
Mbl HJIH HOHBI, XOTSH U HCHBITHIBAIOT IPHTSIKEHHE CO CTOPOHBI CBOHMX
cocellefl, OJHAKO Ha paclpele]eHHH WX 3apsa OHO CKa3blBaercs
JHUIUb He3HauHTesbHo. MHaue ofcToMT 1610 B Meraajax H BaJeHT-
HBIX KpHCTa/JJax. B 3THX caydasx MeKkAy aTOMaMH HeT olJjacTi
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¢ MaJofl MJIOTHOCTBIO 3apsijla H, Clef0BaTelbHQ, 3anpellleHHol aas
3JIeKTPOHOB., DJEKTPOHLI MOTYT II€PEeXOAHTb OT OAHOTO aToMa K ApY-
romy. TakuMm o6pasoM, BaJIeHTHble 3JeKTPOHb CBOOOAHO NepeiBH-
ralTcst mo Bcefi pelleTKe H NPHHALJIeXKAaT Bcedl pelleTke. 1o 06-
CTOATEJNBCTBO HMeeT pellaollee 3HaueHHe /i CBOHCTB YNOMSHYTDBIX
BELIECTB,

DneMeHTapHbIE COCTABHBIE YaCTH MOJIEKYJIAPHOH ¥ WOHHOH pe-
IIeTOK MOXKHO CYHTaTh HE3aBHCHMBIMH. DOpHOBCKasi KJjaccHuecKas
TEOPHA MeXaHHYeCKHX, 3JeKTPHUYECKHX M TEIVIOBBIX CBOHCTB KpH-
CTa/JIOB, paccMaTpuBaloulass aTOMbl W HOHBI PEINETKH KaK HHIUBH-
AyalibHble YacTHIbI, JOCTUIIA NPH H3YYEHHH MOJEKYJIADHBIX U HOH-
HbIX KDHCTAJ/JI0B BbLAAIOLINXCA YCIEXOB.

CunpHoe pasjuude B INOBEACHUHM BEMIECTB 3THX JABYX KJIacCOB
00yCJIOBEHO Pa3HBIM XapaKTepoM COCTAaBHBIX uacTell HX pelleToK.
B nepoM cayuae — 3T0 HeHTpajbHble aTOMBl, B HOHHBIX peIleT-
Kax — 3apsKevHble YacTHIBI, DJEKTPHUECKHe CHJbI, HEHCTBYIOIIHE
MeX Ay HOHAMHM, OYeHb BeJHKH, UTO NPUBOLHT K 3HAUHUTEJbHBIM CH-
JaM cuemsenns, Oogblofl TenJoTe HcmapeHUs H BLICOKOH TBep-
poctdH. Paccrosinus MeXAy COCeAHUWMH HOHAMM, Kak BHAHO U3
tur. 3, cOBIAAAIOT C PACCTOTHUAMH MeXKAY MaKCUMyMaMU KPHBOH
pacnpelefeHuss 3apsaja. 3HaueHHs] PaAMyCOB HOHOB, BBIUUCJEHHBIE
[Toauurom B KanudopHuu, okasajuch B OTIHYHOM COTJACHH CO
3HAYEHUSIMH, NOJyYeHHBIMU [oabnmiMuaroM u3 Habaionenuii. Hon-
HBIE DEIeTKH YCTPOeHBl TaK, YTO TOJ0XKHUTENbHbE MOHBI B HHX
BCErJla OKpYIKeHbl OTpPHUATEJbHBIMM MOHAMH, a OTpPHLATENbHEIE
HOHBl — MOMOKUTENBHBIME (CM. pemieTky Ha d¢ur. 1). [Tockoabky
NIPOTHBOIOJOXKHblE 3apsabl IPUTATHBAIOTCH, BHYTPH 3THX peELIETOK
BO3HHKAIOT 3HAYUTEIbHBIE CHJIbI CIENJAEHHS.

Tpupoaa cusl B MOJEKYJSPHBIX pelleTKax He CTOJMb OpPOCTa.
Ban-zep-Baanbsc Obl1 TepBBIM, KTO TIPEAINOJOXKHJ, UTO KOHIeHca-
IIMI0 BHIBLIBAIOT Te XK€ CHJIBI, KOTOpble 0OYCJIOBJAHBAIOT OTKIOHEHHUA
B OOBeJEHWH peallbHbhiX Ta30B OT 3aKOHOB HIeanbHoro rasa. Juas
c/lyuast MOJIEKYJSIDHEIX pEIleTOK THIOTe3a 0Kas3aJjgach BepHOH.
CpoficTBa 3THX CHJ ObIH H3YyeHH JIoHZOHOM H BanoM MeToxaMu
KBAHTOBOM MEXAHHKM, 4 CaMH CHJB MOJYUYHJIH HAa3BaHHe BaHuep-
BaaJbCOBBLIX.

[Iputaxkene MeXAY B3AeMeHTADHLIMH COCTABHBIMH  YaCTAMH
MOJIEKYASIPHOR pelleTKd He MOMKeT ObITb 3JeKTPOCTATHUECKUM, MO-
CKOJIbKY 3TH 4acCTH JulleHbl 3apsfa. IloHATh HpHpody BaHIepBa-
aJbCOBBIX CHJ, paccMaTpuBasi 3JAeKTPOHB Kak o6Jaka pacmpefe-
JIEHHBIX 33pSA0B, HEBO3MOKHO, HO CTOHT JIHIUb BCIIOMHHTb O KO-
NyCKyJspHOA NpHPOJe 3JeKTPOHOB, Kak cpasy CTAHOBHTCA $CHO,
YTO 3JeKTPOHBI MOTYT 06pasoBHIBATH ¢ AApOM Jdunoau. Benexcrsue
ObICTPOTO [ABHXKEHUS 3JIeKTPOHOB HaNpaBJ/eHHe TAaKHX AuMNojed H3-
MeHsieTCH OdeHb OblcTpo. Ha aumosp ¢ NOCTOSIHHON OpHeHTalHed
B cpenHeM OyJeT AeACTBOBATH CHJIA, PaBHAs HYJIO, OCKOJIbKY MpH-
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TAXKEHWe [J5 OAHOH OpHEHTAllUH KOMINEHCHPYETCA OTTAJKHBaHHEM
U TIDOTHBOINOJIOXKHOH OPHEHTAUMH, a BCe HANpAaBJEHHS AUMOJS
papHOBeposATHH. KHOe neJio, ecqim BcTpeyaloTcss JBa AHNOASA, CIIO-
cOoOHble H3MEHATb OpPHeHTaUHI0. MOXKeT CJAy4YuTbCcA TakK, UTO J[BE
npHTArHBawIlkecs Kouurypauumu (¢ur. 4, ¢ ¥ 8) Berpeyaiorcs
qalle OTTaJKHBAIOWMXCA KoHGurypauuii (¢ur. 4,6 u 2), x0T BCce
OPHEHTALUUH OTOeAbMblx JUNOJeH paBHOBeposiTHBL Jlonmon u Bawn
NOKa3aJjH, 4To B AeHCTBHTEJABHOCTH BCe TaK H MPOUCXOAHUT, U TeM
CaMbIM 3aJI0JKHJH OCHOBHL He TOJBLKO TEOPHH MOJIEKYJAAPHBIX pellle-
TOK, HO M TEOPHH peasIbHbIX ra3oB.

o &, o f
@ @D
© © © ®
a 3 é 2
dur. 4.

BaHﬂepBanleOBbI CHJIN, CCTEeCTBEHHO, ropasino cinabee KyJIo-
HOBCKHX, HeﬁCTByIOUH/IX MEXAY HOHaMU. Itum o O6’bHCHHeTCH, Io-
yeMy B MOJICKYJASPHBLIX KpHCTaJddaX CLHenJeHue MaJjJo H Jerko npo-
HCXOOUT HCIapeHHe. dcHo TakKe, UTO CTOJb MaJble CHJbI MOTYT
HrpaTth 3aMETHYIO POJIb JIHOIL B OTCYTCTBHE IPYTHX, SoJee MOUIHBIX
cu. K MOJEKYJJAAPHBIM OTHOCSTCSA 06BIYHO KpHCTAadJJabl HACLILIEHHBIX
COEMHEeHNH H HHEPTHBIX ras3os.

5. M3 ¢ur. 3 BuAHO, YTO MeTaMJbl M BajeHTHble KPHCTaMIbl 06-
pasyior Gojiee KOMIAKTHble MOAMMUKALHH BellleCTBa, 4eM MOJEKY-
JspHble KPHCTAJIBI U COJMH. DTO MO3BOJISAET MOJYYHTh BaXKHYIO HH-
dopManHio O MOBeNEHHH TBepAbIX Te/l NMPH OYeHb BBICOKHX JaBJe-
nusix. [lo muenmio Beprana, kKotophlll nepBbIM 00paTH/ BHHMaHHe
Ha CTOJb MHTEepPEeCHBI (axT, Bce TBepAble Tesla IPH CBEPXBBICOKHX
[HaBJedusax NOJKHB OepeXCAUTb B MeTa/lIbl HJM B BajleHTHble KpH-
craiyipl. Y6GeIuTeNbHBIM NOATBEPKAECHHEM NPABHIBHOCTH €ro TOY-
KH 3peHHsi, COBepIIeHHO He 3aBHCAILIHM OT BBIYHCJEHHH pachpene-
JEeHHA 3apfila, CHYKUT fiBlleHHe aasoTponut. Tak HasbiBaercs siB-
JIeHUe, COCTOsllee B TOM, YTO OJAMH H TOT Ke XUMHUCCKHH 3JeMeHT
CYILEeCTBYeT B HECKOIbKHX MOAMGHUKAUMAX € CHJABHO OTJIHYAIOLIH-
MHC (U3MUECKHMH H XMMHYeCKHMH cBolcTBamu. OO6biynast Gemas
pasHoBHIHOCTb (ocdopa obnanaer AOBOIBLHO CIOKHOH MOJAEKyJAsip-
Holt peiuerkodl. Bennit Qocdop — xopowuil H30IATOP, OH MSATOK,
pacTBopsieTcsl B OPTaHMYECKHX PAaCTBOPHTENSX M HMeeT ILIOTHOCTb
1,83 efcu®. Bpupxmen B lapBapne nomsepr 3ty MoIHQHKALHIO
docdopa cKaTHIO [OJ OYeHb OOJIBIIHMM LABJEHUSMH, H ee pelleT-
Ka «caoManachy: Geablii pocop nepellies B ueproil gocgop, obaa-
Iawuui moTHOCTBIO 2,70 2/cM3, noBOJILHO Xopoliedl 3JeKTPOMpo-
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BOJLHOCTBIO M IJIOXOH PacTBOPHMOCTbIO B OPraHHYeCKHX XKHAKOCTHAX.
To, uro mpousowo ¢ dochopoM, — He HCKAYEHHE, a oblulee npa-
BWJIO: €CJIM 3JIEMEHT CYLIecTBYeT B [BYX aJJIOTPONMMYECKHX MOIH-
buKanuax, TO MeTarLudecKas Uy 8aneHTHas ¢opma obiradaer
6oavweil naorroctero, Caegyromas Ttabauna NOATBEPKILAET 3ITO
npaBuI0 (MIOTHOCTh B &/cm®):

MublneAK MeTaJsHueckui . . 5,72 MBlIbBgIK Xeartet . . . . . 2,03
Ammas . . . . . .. ... 35l Tpadar . . . . . . . . .. 2,24
Docop wepublit . . . . . . 2,70 Qoctop Gemwtit ., . . . . 1,83
Cesen Mertamiaueckuff . . . 4,82 CeJgieH KpacHB# . ., . . . . 4,47
Ouoso Geaoe . . . . . . . 7,28 OuoBo cepoe . . . . . . . 5,76

Brlunc/ienusi, npoBefeHHble B Haluell dabopatopuu XaHTHHITO-
HOM, MOKAa3BIBAIOT, YTO AOJKEeH CYLIecTBOBATb TaKKe MeTaj/uue-
CKHil BOZOPOJ, XOTSl M INPH OYeHb BLICOKHX JAaBJEHHSX, NpHUYEM
IJIOTHOCTb €ro AOJKHAa OBITh BO MHOIO pa3 OoJblle TJIOTHOCTH
OGBIUHON MOJEKYAAPHON (HOPMEL

SI we 6yay BraBaTbcs B MOAPOOHOCTH TO MOBOAY €CTECTBEHHO
BO3HHKAIOIIETO0 BONpOCA © IPHUYMHE NPHHUHNHAJALHOTO pasjnyus
MeXKJIy BaJeHTHBIMH KpHCTallaMH H MerTaidnaMu. Xorsl 3TH HOpMbi
u 06pasyioT KOMIAKTHYIO MOIU(QHKALHIO BellecTBa, MeXIY HHMH
(ecnu He cuuTaTh GOJBIIYIO TENJIOTY HCIAPEHHSA H BBICOKYIO TOUKY
KulleHud) Her Huduerc obmiero. [Ipu4uHEl CTOJSL Pe3KOTO pas3auuuA
CBOHMH KOpHAMH INIyOOKO YXOJSIT B KBAHTOBYIO MEXaHWUKY; OHH
6Ll BBISICHeHBl HelaBHO B padorax Ilabiepaca u Bpuamosna.
CoriacHo MX WCCHENOBAHMAM, IS BaJCHTHOTO KpHCTadda YHCJO
BaJEHTHBIX 3JeKTPOHOB JOJKHO OBITb 4e€THbLM. DTO NOPABHJIO BhI-
nosusiercs 0e3 HCK/JIIOUeHHH. MHOTHMH 1LeHHBIMH CBeNEHHSIMA
O CTPYKTYpe # KDUCTaNIHueckoll (hopMe BaJIeHTHHIX PEUIETOR Mbl
o6sizanbl [losunury u Caerepy, ofHakKo 0030p ux palGoT BHIXOIUT
laJleKo 3a paMKd 3TOH CTaTbH.

51 mapmeroch, 4TO MHe yaajoch yOeAMTb 4UTateds] B [JIABHOM:
OCHOBBl JUI MOHHMAaHUS NPHPOJABI TBEPAOTO COCTOSIHHS, HEeCOMHEH-
HO, yKe 3a/oxeHbl. Bce e norpefyercs eile 0osbluasi u yrnopHasi
paboTa, HaCTOHYHBOCTD H MHOT'O HOBBIX WIEH, MPeKAe YeM MBI CMO-
KeM J00aBUTh TEOPHIO TBEPIOTO Tesa KaK 3aKOHYEHHBIH 3Taxk
K 3MaHHI0 QU3UKH U C YCIEeXOM HauHeM NPHMeHATb HAllld 3HAHHS B
IPOMBIIIIEHHOCTH.

[Tporpecc B TeopeTHuecKOM OOBSICHEHHH CBOHCTB TBEpPABIX Tel
OCHOBaH Ha VCIeXaX HeAdBHO CO3MAHHOH KBAHTOBOI MeXaHHKH,
a B 3KCIEPHMEHTaJbHOM — B OCHOBHOM Ha pPeHTIeHOCTPYKTYPHBIX
HCC/leIOBAaRMAX KpHcTanios. He 6yab s1uX cpencTs, npobiaeMbl H3y-
YyeHUS] CBOWCTB TBEPABIX Tesl NPEACTABASANCH Obl HAM TaKHMM e
Ge3HaZleXXHBIMH, KaKOH MBI CUHTaeM OpOGJEeMY CTPOEHHS »KHIKO-
cTel, Ijle PEHTIEHOCTPYKTypHbie HCCJe/0BaHHsA NOKa He yBeHUaJslHCh
CKOJIbKO-HUOYIb 3aMETHBEIM YCIEXOM,
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MOJIEJIb TIPOMEXKYTOUHOTO SAJIPA

B Monen# npoMexKyTOYHOTO sApa SAEPHYIO DEaKIUI0 paccMmar-
PHBAIOT KaK MOCJe0BAaTEAbHOCTh ABYX coOwbitHil. IlepBoe coOblTHE
COCTOUT B OOBEJHHEHHH CTaJKHBAIOLIUXCS SIZep B eIHHOE HeJoe —-
TAK Ha3piBaeMOe NPOMEXYTOUHOE SApO. XOTH 3TO NMPOMENKYTOUHOR
A4po HecTaOHJIBHO, OHO TeM He MeHee o06/JajgaeT MHOTMMH CBOIf-
CTBAMH CTAaOMJMBHBIX f7ep, B YaCTHOCTH YeTKO DPa3jJUYHMBbIMH yPOB-
HSIMd 3Heprun. BropbiM cobbiTHEM SIBAsieTCd pachajl IPOMeXYTou-
HOro siipa JuGo Ha Te sApa, H3 KOTOPHIX OHO 06pa3oBaJoch, JUGO
Ha ApYryio nmapy fiep. B mepsom ciyuae peakiHH HeT, a MPOUCXO-
JAWT JAWIb NPOLeCC Paccesinus; BTOPOH ciayuall oTBewaeTr cobCTBeH-
HO fAlepHOil peaKIHuHy.

BeposiTHOCTL 00pas3oBaHHsl NPOMEXYTOUHOTO SiApa O4YeHp MaJja,
3a HCKJIUYEHWEM TOro cjydasi, KOrfga 3Heprusi CTaJKHBalOUIeHCs
mapbl sifep OueHb HE3HAUHTEJBHO OTJHYAETCH OT OJHOIO H3 YPOB-
Hell 3HepPTHH NPOMeXyTo4YHOro sAzgpa. C Apyrofl CTOPOHBL, eCU 3Hep-
THsl IBYX CTAJKHBAIOIUXCH YACTHI[ B TOUHOCTH COBMAfaeT C OJHUM
H3 YPOBHEH NPOMEXKYTOUHOTO s]pa, TO ceueHue ero o0pasoBaHUS
OueHb BEJMKO: INPHLENbHBEIA IapaMeTp COOTBETCTBYET YIVIOBOMY
MoMeHTy fi CTAJKHBaIOLeHcA Napbl fep OTHOCHTENRHO HX 0O6liero
uentpa macc. CiefoBarelbHO, ceueHHe oOpa3oBaHHA TPOMENKYTOU-
HOTO sLApa HMeeT pe3KHe MaKCHMYMBI, MeXKIy KOTODBIMH CIajaer
IOYTH A0 HYJNeBOTO 3HaueHWs. Pacnan nmpoMeKyTOUHOro siapa mof-
YHHAETCST BEPOSTHOCTHBIM 3aKOHAM: KOJb CKOpPO IPOMEXYTOUHOE
sapo 06pa3oBasoch, BEPOATHOCTL €TI0 paclafa 1o TOMY HJIH HHOMY
KaHaJly He 3aBHCHT OT TOro, Kak UMEHHO OHO ObIIO 06pa3oBaHO.
Kak y:e YNOMHHA/JOCh, pa3JjHuHble KaHaJe pacnajga HPHBOIAT
K pasHbBIM HPOAYKTaM peaklHH; eCcIH B peaysabraTe pacnaza obpa-
3yIOTCS Te Xe fApa, CJAHAHHEM KOTOPBIX OBLIO CO3J4aHO TMPOMEXKY-
TOUHOE SIAPO, TO HUKAKOH peakluu He TPOUCXOIHT.

ToapKo 4TO ONMUCAHHAS MOJEJb NpeAHA3HAuAIaCh TAKKe W IS
XAMHUECKHX peaknuél (cM., Hanpumep, pabory [1]). B stom cayuae
ee neppasi CTyHeHb HOCHJIa Ha3BaHHE MPOMEXKYTOYHOH MOJEKYJIHL.
Onnako oKasajoch, 4YTO He BCe XMMHYECKHe peakuHu ob6Jafalor ce-
yeHHeM C pPe3KHMH MaKCUMyMaMu, pasjeieHHbIMi TayGOKHME

1} Jlekuus nocesilieHa NamsTH Puxtmaliepa (npouuratia 28 susapsa 1955 r.).
Ony6auxkosana B xypuane: Amer. Journ. Phys., 23, Ne 6 (1955).
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MHHHMYMAaMH; TI03TOMY MOJeJb MDOMEXYTOYHOH MOJIEKYJH BepHa
JHIIb JJ18 OTpPaHHYEHHOTO KJacca XHMHUYecKHX peakuuit. [las omu-
caHud Apyrux peakuuii Gosee MPHUrOAHBI DYTHe MeXaHU3MbI, T. €.
apyrie Mofaesu '), MoXKHO /M CYHTaTh, YTO MOJe/]b MPOMEXYTOU-
HOTO SiApa BepHO NepefaeT OOLIyI0 cXeMy BceX f[epHBIX peaKuu,
M B KAKOM HMMEHHO CMblcjie? — TAKOB OJIHH H3 BONPOCOB, KOTOPBIi
s HaMepeBaloCh paccMOTpeTb B 3ToH pabore.

Mue He xoTesoch 6bl MOAPOGHO H3JaraTh HCTOPHIO MOJETH MPO-
MmexxyTouHoro sigpa. Te, kro umuran crarelo Bopa m Kanbkapa [3],
He HYXKIAIOTCsl B HanOMHMHAHHM o Hefl. JIs TeX Xe, KTO 3HAaKOM
JHIbL ¢ GoJiee TIO3JHUM COCTOSIHHEM TEODHH H HE 3HAeT IepBHX pa-
60T, TaKoe HanOMHHaHHe 3HauuJo Obl HeMHOro. MHe KaxeTcs, 4TO
HanboJiee BaXKHBI IIAT B PAa3BUTHU MOJETH NPOMEXYTOYHOTO AApA
TO3BOJMMJ  CleaTh 3IKCIOepUMEHT. OJKCIepHMeHTa/bHbie paloThl
Myuna u Tuanbmana, Brepra u Becrkorra, Cumanapia u apyrux
uccnenoparened [4—8) moxasanu, 4To AJA NOIVIOUIEHHS] MeJIeHHBIX
HeHTPOHOB MHOTHMH SipAMH XapaKTePHBl BLICOKHE MAaKCHMYMB,
pasjenenuble rAyGOKUMH NMpOBajaMu, T. €. Te OCOGEHHOCTH, KOTO-
phle yKe OBLTH H3BEeCTHBl KaK CJEINCTBHS MOJEIH IPOMEKYTOYHOH
MOJIEKYJBl B TeOpHH XUMHYeckux peakpuil. OTcioa eCcTeCTBEHHO
BO3HHKJIA MBICJb O TOM, 4TOOBI C IOMOILBIO TEOPHH ABYXCTyNeHYa-
TOTO Ipollecca MOMBITAThCS AaTh ONHCAHHe IO KpaliHell Mepe HEKO-
TOPHIX fAJEpPHBHIX peaKiuil.

O6pasoBanue n NOCJae[YIOIIMA paclal HEKOero KOMIIeKca —
ofbluHas cXeMa, NPUHATAA NPU ONHCAHWU PACCEAHHS H (DJIYOpeCcLeH-
nun csera. [loryolieHne cBeTa HPUBOAMT K BO3OYXKIEHHOMY CO-
CTOSIHHIO TOIJIOTHTENS. DTO BO30YKAEHHOE COCTOSIHHE W COOTBET-
CTByeT NpoMexkyTouyHoMy sigpy. Ilocaenyiomiee wncnyckauue cpera
B0O30yXK/IEHHBIM COCTOSIHHEM OTBeyaeT pacHajly NpOMexKYTOYHOro
aapa. Takum o6pa3oM, MoAeb NPOMEXYTOUHOTO fAapa GopMasbHO
HMeeT MHOTO OOLIero ¢ NPOLECCOM HOIVIOIIEHHS M MOC/Ae[dYyIOULEro
HCIycKaHHsA cBeTa. JleficTBHTe/IbHO, MOJeJb, HEKOTJa BBEIEHHYIO
JJs 00bsCHEHHS TOIVIOLIEHHS! M INOCJAEIYIOIEr0 HCHYCKAHHS CBeTa,
MOKHO ObLJIO OBl IOJIHOCTBIO MepeHeCTH Ha 06/1acTh SINEPHBIX peak-
Ui, NOMOJMHHB ee JIMIIL OINHHM HOBBIM 3JIEMEHTOM — SHepreTHde-
CKOH 3aBHCHMOCTBIO BEpOSITHOCTeH pacnajga I[pOMeYTOUHOTO
filpa N0 pas3qHYHBIM KaHaJdaM, B YaCTHOCTH JIMHeHHOH 3aBHCH-
MOCTbIO MeXKJy BEPOSATHOCTBbIO HCIyCKaHHA HEHTPOHAa M KBajgpaT-
HbIM KODHEM H3 3HeprHH, ¢ KOTOPOH AaHHBLIA HeATPOH HOJKEH OLITh
ucnyuied. XOoTs NpPH AAaHHOH 3HEPrHH BepOATHOCTH pacmaja mpo-
MEXYTOYHOTO Afpa He 3aBHCAT OT TOro, Kak OHO 00pasoBaJioch,
OHH BCE XKe ABAAITCH (YHKUHAMM OT 3HepPrHd Ajpa (MeHSIONIH-
MHCA HHOTZA JOBOJBHQ pe3Ko).

l) HAna npocreiillierg THNa QGMeHHBIX peaxu.uu 0co0eHHo moJse3Ha aaHalaTu-
yeckas mogenb (cum. [2]),
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PACUIMPEHHUE CQEPBI [TPUMEHUMOCTHU MOJEJIN
MPOMEXYTOUHOIO SPA

Jaxe mocae Toro, Kak MOAeJb INPOMEXKYTOUHOTO SiApa [OKa-
3ajla CBOIO NMPUTOAHOCTb AJs OINUCAHHUS ABJIEHHH, CBA3aHHBIX C MO-
IJIOIeHHEM HeHTPOHOB, MO KpafiHell Mepe Nmpu MaablXx 3Heprusx,
HEKOTOpble u3 Hac, naMaTyst o6 orpaHHUYeHHOH NPHMEHHMOCTH 3TOH
MOJEeJH AAS ONMHCAHHS XMMHUECKHX DeaKLMi, BbIpayKajgu COMHEHHE
B Uenecoo0pa3HOCTH ee HCMOJb30BaHHA KaK oOuled cxeMbl npoTe-
KaHHsl BCeX AepHBIX peakuuil. Jlarepp 6o/ee OTBaXKHBLIX 34IUTHH-
KOB YHHBEPCa/JAbHOTO XapakTepa MOJeJH MNPOMEXYTOUHOTO sApa,
KOTOPBIM MBI 00f3aHBl CYIIECTBEHHBIM pacliMpeHHeM o6/acTH ee
NMPUMEHMMOCTH, BO3FrJaBuid B ocHoBHOM Dere [9], Bpeiir [10, 11]
u Befickong [16]. Ux Bo MHOrOM BIOXHOBJAJNH pe3yaprathl Xad-
mrana, Xenuaenbepra u Tyse [12, 13], a Ttaxxe Xep6a u ero
COTPY/AHHUKOB [14, 15], noutH ogHOBpeMeHHO MOKAa3aBLIUX, YTO peak-
LM, HHAYUHPOBAHHBIE NIPOTOHAMH C 3Hepruefl okoso 1 Mas, obHa-
PYKUBAIOT PE30HAHCHYIO CTPYKTYPY TAKOIQ Ke THIA, KAK H peak-
IiMM, WHAYUUPOBAHHblE HEHTDPOHAMH C SHEpruedl B HECKOJBKO
3J1eKTpoHBOJLT, Ux HaOm0AeHUA ABUJIHCh YOeoUTeJNbHbIM IOATBEpP-
JKAEHHEM HIHPOTHl JHama3oHa NPHMEHMMOCTH MOJENH NPOMEXYTOoU-
Horo sapa. OpHako BHMMaHue Befickondga npus/iekgn B OCHOBHOM
Jpyrue peaklHd — Te, B KOTOPhIX pe30HaHCHl ObIIM CTOJb MHOI'OYHC-
JMeHHbl, a LWIMPUHA HX CTOJb BeJHKA, YTO OHHU IEPeKpLIBaJHCh, H
3TO NMPHUBOAWIO K MJaBHOH 3aBUCHMOCTH CeuyeHHs OT 3Hepruu Oes
pPesKHX MOHKOB H mNpoBaJoB. [1JaBHYIO 3aBHCHMOCTb CeUeHHS OT
3HEPrud MOXKHO OblTo 6bl HHTEPIPETHPOBATL KaK yKazaHHe Ha He-
NPHMEHUMOCTb MOJEJH [POMeXKYTOUHOTO sigpa (YTO M OBLIO chena-
HO, TpHuYeM C MOJHBIM OCHOBAHMUEM, B CAyuae XHMHUYECKHX peak-
unii), vo Befickond u 3Buur {17] npepnoxuau cnocod, No3BOJHB-
WKWl IPHMEHHTb TEOPHI0 TPOMEXYTOYHOTO sApa K B cjaydyae
HepeKpHIBAIOIUXCA yPOBHeH. Eciu YpOBHH npoMe:KYTOUHOTO siipa
pacnoJiokedbl oueHb OJHM3KO APYT K APYry, TO HCCJel0OBaHHe HX
HHAWBUAYAJbHBIX CBOHCTB CTAHOBUTCS HEBO3MOXHBIM, MOITOMY B
Teopun Befickonda © DBHHra paccCMaTpPUBAIOTCH KOJNJIEKTHBHBIE
cBoficTBa 06OJ/IBIIOTO UHCAa YDOBHE! IPOMEXYTOUHOTO AAPa H JO-
uyepHHUX f1ep.

Bpan oM Hafifietcsl elle oaHa MOAenb, Kotopas Obl MO LIMPOTe
0XBaTa MOIJIa CPAaBHUTbCS CO CTATHCTHYECKOH Mojmenabio Befickonpa
¥ OBHHra. dta MOJeJb He TOJNbKO MO3BOJIHJA TIOJYUHTH BEIpaXKeHUE
AJ1s cedeHHus /000l AepHON peaKnMH, HO U CTHMYJHpPOBaJa 3JKCIe-
pHMeHTabHble HCCAeNOBAHHA IOYTH BCEX THIIOB SAepHbIX peak-
nuit. Pasymeercs, monenr Befickonda u DBuHra cozepxur pan
BaXKHHIX JOMYIIEHHH, U Ka)KA0e U3 HUX B OT/AENbHOCTH MoJe3HO pac-
CMOTPeTb B CBeTe TOrO, 4TO HAM H3BECTHO O fAJAEPHLIX NpeBpallle-
HHAX B HacTosllllee BpeMs,
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- ®yujaMent cratictuyeckoli Mozienun Befickonda u DBHHra oco-
GeHHO MpPOYEH B AHanasOHe HEPruil, Ille YPOBHH NPOMeKYTOUHOTO
fpa JAOCTATOYHO PEe3KH H HX JIETKO MOXKHO pasjuuutb. ILjsi 3TOTO
5Heprusl HaJeTalolHX YACTHI JOJKHa ObITh OrpaHHUeHa B cjiydae
TSXKENBIX sijlep HECKOJIbKHMH MHJIJIHOHAMH 3JeKTPOHBOJDBT, a B CaAY-
yae JIerkux fiiep OHAa MOXKeT H3MeHSTbCA B OoJee IIMPOKHX Tpefe-
nAax. Ilpy Takux 5HeprusiXx CTATHCTHUECKAas MOJe/]b HCXOAUT JHULIbL
M3 JONMyIUEeHHs 0 TOM, YTO IIpH pacrnaje NPOMEKYTOUHOIO sapa Bee
BO3MOXHBIE COCTOSHHsA JOYepHUX fjep 00pasyloTcsl «IIOUT# PabBHO-
BeposTHO». [locsennee o3HauaeT, 4YTo ynoMHHAaBllelics paHee 3aBH-
CHMOCTBIO BEPOSATHOCTH pacliajia OT 3Hepruu npenebperator. M xora
pMeercsd MHOTO (akToB, CBHAETEJBCTBYIOLIMX O TOM, UTO TaKoe J0-
nylieHue, T0 KpaliHe#l Mepe UpPU ONPEIeNEHHBIX YCJAOBUAX, HEBEPHO,
He MeHbliee, ec/H He OoJbilee, YHCAO (PAKTOB CBHAETEJNbCTBYET
0 €ro MPHUIOJHOCTH.

Hawmuoro cna6ee 060CHOBaHA CTATHCTHYECKAd TEOPHA B TOM
JHanasoHe SHepruil, TJle YPOBHH NPOMENKYTOUHOIO fApa AOCTATOUHO
WIMPOKH M NepekpriBatoTcsa. Kak MBI y»Ke TOBOPHJH, B aHAJOTHYHBIX
YCJIOBHAX MOJENb HPOMEXYTOUHOH MOJIEKYJbl B TEOPHA XHMHUYECKHX
peakuuil OKa3biBaeTcst HeNpUMeHHMOR. Jlaxke caMo noHsATHe mpoMe-
JKYTOUHOTO fIApa CTAHOBHTCS COMHHTEJNBHBIM B TOM CMBICJE, UTO
€ro CBOHCTBA, U B YAaCTHOCTH BEPOATHOCTH pPA3JUYHBIX THIIOB €ro
pacnazna, onpezneasiorcs ero sHeprueil. [lomobno ToMy, Kak npw
OUYEHb BHICOKHX 3HEPTHSIX 3JIEKTPOH MOMKET NMPOXOAHTb CKBO3b aToOM
6e3 GONBUIMX 3HEPreTHUEeCKHX [0TE€Pb, NPOTOH NPH OUeHb OOJBIIHX
SHEPrUsAX MOIKET MPOXOAUTH CKBO3b fAPO, He UCHBITHIBAS CO CTO-
POHBI TIOCJAEHEr0 3aMEeTHOTO BJMAHMSA, |aKoe NOBeleHHe NIPOTOHA
IPOTHBOPEYUT MOJEJH IIPOMEKYTOUHOTO fiApa B TOM BHAe, KAK OHA
HCTONb3yeTCs B CTATHCTHYECKOH TEOPUH, MOCKOJBLKY TaM MOCTYJIH-
pyercd, UTO HCIOyCKaHHe NPOTOHA JOJKHO OBITb PaBHOBEPOATHBIM
HE3aBHCHMO 0T TOro, o6pa3oBajoch JHU NPOMEXYTOUHOE SIAPO IpH
CTOJIKHOBEHUH OUEHb OBICTPOro NpOTOHA HJIM OYeHb GBLICTPOro Hefi-
TpOHa C COOTBETCTBYIOLIMM $IDOM-MHIIEHbI0. EcTecTBeHHO OXH-
AaTh, YTO BO BTOPOM ciydyae nmpH pacnade Oyaer ucnmyllleH HefATpPOH.
Orciofa sICHO, 4TO NMPHMEHHMOCTH He TOJBKO CTATHCTHYECKOH MO-
jesiu, HO M IlepBOHAYaJbHHIX HJAell TEOPHH NPOMEXYTOUHOTO fAnpa
OTpaHHueHa ¢o CTOPOHBl 00JiacTH BBICOKHX 3Hepruil. CraTHCTHUe-
ckas Teopus Tpebyer He TOJbKO, UTOOB! MPOIYKTHl PEaklHH 3aBH-
cel¥ JHWbL OT SHePrMH (M YIJIOBOrO MOMEHTa) NPOMERYTOUHOIrO
s1pa, HO H 4TOOBl BCe DHEPreTHUeCKH BO3MOXKHble MPOAYKTHl peak-
1uu 06pasoBBIBANKCH «IOUTH PABHOBEPOSITHO».

MHorue 3KcnepUMeHTHl, NPOBELEHHBIe Aae MPH caMbiXx He6Ja-
FOIPHATHHIX A CTATHCTHYECKON TEeOpHH YCJAOBUAX, YOEIUTENbHO
HOATBepXJaJH ee IPaBHJABHOCTb, OJHAKO B MOC/AENHEe BPEMS CTAJO
nosABIATbCS Bce 00Jblle M G0JblIe MPOTHUBOPEUYAIIHX DPe3yJbTATOB.
Bce onm npuBoAsTcs K ofueMy 3HaMeHaTeJlo: BePOSATHOCTb obpa-
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30BaHMsl JOYEpHEero Ajlpa B PasJIMYHBIX BO3OYKAGHHBIX COCTOSIHHAX
HEOJHHAKOBA, IpPHYEM BePOSTHOCTb OOPA3OBAHUA HHU3KOJEXKAULIHX
BO30YK/JCHHBIX COCTOSIHHH GoJblie. DTO OGbLIO HENOCPEACTBEHHO
nokasano B skcnepumenTax ['torso [18] u Kosua [19]. Ananoruuno
MOXHO OGDBSCHHTL H OTKpBITOe WIBEACKO# wKodaoil [20, 21] npeumy-
IleCTBEHHOe HCNyCKaHHe MPOTOHOB MU ¢,-4ACTHIL.

EcTecTBeHHO BO3HHKAaeT BOMPOC O TOM, CYUIECTBYeT JH 06JacThb
SHepruil, B KOoTOpoil HaWBHaA (GopMa TEOPHH NPOMEXKYTOUHOTO sApa
OCTaeTcsl BepHOM, a HapylmaloTcs JHIlb OT/JejbHble TUIIOTE3Ll CTa-
THCTHUCCKOH TeopuH. JIMYHO A CKJIOHEH COMHEBATbCH B OCHOBHOM
MOCTyJ1aTe CTATHCTHYECKOH TEOPHH, COIVIACHO KOTOPON BCe KAHAJL]
pacmajza NPOMeXYTOUHOrO fpa paBHOBeposSTHH. TeM He MeHee
c/JelyeT IOAYEPKHYTh, YTO, [0 MOEMY MHEHHIO, Y HAaC HeT JaHHBIX,
KOTOpble MO03BOJHAH OB CAeaaTb OAHO3HAUHLIH BHIBOA O HAPYILIEHHH
CTATHCTHYECKOH TEODHH ellle A0 TOTO, KaK NepecTaeT ObiTh BepHOH
Teopus npomexkyrtouHoro syipa. HaoGopor, npusenennsle Kypaurom
apryMmenThbl [22, 23] HaBOAST HA MBIC/AB, UTO 06JaCTh MTPUMEHHMOCTH
CTATUCTHYECKOH T'HMOTE3bl OTHIOAb He YiKe 06.aCTH NPHMEHHMOCTH
ONHUCAHHOTO BBIIIE BAPHAHTA MOJENH IPOMEKYTOUHOTO sApa.

I'naBrOe BospaikeHHe NMPOTHB NPEANOJOKEHHS O TOM, UTO Hepe-
XOAB BO BCE BO3MOMKHLIE COCTOSIHMSI PaBHOBEPOATHBI, N0 CYILECTBY
COBIIAJAeT C BO3Pa:KEHUSIMH MPOTHB BCeX TEOpHi, VHACJIENOBAHHBIX
HaMH B OCHOBHOM OT HAC JK€ CAMHX ellle ¢ JOBOeHHBIX JeT. Bo Bcex
3THX TEOPUAX Bce AAePHble CBOHCTBA CUMTAIOTCA MIaBHBIMH (QYHK-
IHSIMH MacCCOBOTO 4HCJa, 3apsi/IOBOTO uucia M aHeprud. Habmone-
uus Maiiepa [24] (cm. takxke [25]) u Xakcens, Plencena u 3rocca
[26] u ux Teopun 060JMOUEUHOI CTPYKTYPH fiApa ONpPOBEPIVIH 3TO
NpeANnoJIOKeHHe, 10 KpafiHell Mepe /s OCHOBHBIX COCTOSIHHH fzmep.
HemHoroe wusMeHsiercs W NpU [epexoje K SAePHbIM peakHsiM.
Bonbline ceueHns paccesHUs TPYNIbl Kesde3a U OOJbLINE CeYeHHS
MOIVIOLICHUS DeJIKUX 3eMedb CAHIIKOM CHCTeMaTH4HBl, 4TOGH GhITh
caAy4alHBIMM, H MOATBEPKAAIOTCA H3IMEPEHHSIMH MOJHBIX CEYeHHI,
nposefieHHBIX DuancoM, Paccesom, 3akcom u Barrenbeprom [27).
bom u Popa [28] npeanpuHAIM NONBITKY HHTEpPIPETHPOBATb 3TH
M3MepeHHs Ha OCHOBE MOJelH He3aBHUCUMBIX YacTHIl, OJHAKO 3Ta
MOJe/b, IPABUJIBHO BOCNPOH3BOASAILAA 00N XOX KPHBOH ceueHHH,
He MepelaeT ee TOHKYID CTPYKTYpPY, T. €. €€ PEe30HAHCHBIA Xapakrep.
[Tocse TOro Kak skcrmepMMeHTaJbHAs CHTyallus B pe3ysbTaTe paGoT
Bapuraina u ero COTPYAHHKOB NOJIHOCTBIO MPOSICHUACK !), pelieHne

1) Wndopmauns o ceyeHHAX 0pH Maanix aHeprusx (ot 50 go 3000 x38) Gnina
nodydeHa Dapllla/uiom H ero COTPYAHHKAMU MOCJe NMPOBELeHHs CEepHH SKCOepHMeH-
T0B, HauaThIX B 1948 r. Onn Boimonuanuck Ha Fe, Ni, Bi [29], na Be, O, Na, Ca
[30), na Zr, Ag, In, Sb, 1, Ta, Pb [31], na usoronax ceununa [32], ua Li, Be, B, C,
O [33), na Co, Ga, Se, Cd, Te, Pt, Au, Hg, Th [37], na Nd, Sm, Er, Yb, Hf [38].
B pa6ore [36] ucnospsopaJuch Gosiee BhICOKHe 3HEpru, a B paborte [39] usyuasnoch
yraoBoe paciipefenente. CM. Takke pabotel 0630pHOro xapakrepa [34, 35] m pa-
GoTu [40, 41]. ’ S



106 I. Cummerpua u Opyeue Qusuveckue npoGaemoi

6blJI0 cHOBa mpepjoxeHo Befickongom coBMectHo ¢ Pembaxom
u IloprepoM: Mojenb He3aBUCHMBIX uacTHI (npaBHJAbHee ObLIO
6bl cKa3aTb MOJeJ]b He3a8UCUMOL 4ACTUYbL) TO3BOJSIET IOJYUYHTL
JUIIb CpPefiHee ceueHue, T. €. rpyOyI0 CTPYKTYDY ceueHHs, TaK Kak
JAaeT TOJbKO NPOH3BeleHHe MJOTHOCTH HAa HHTEHCHBHOCTb ypOBHeN
npomexyTouHoro siapa [42, 43]. Cama peaklus npoTekaer 1o cxeme
IpOMeKYTOUHOTO fimpa. MHaue roBops, B PacXOXKJIeHHH C IKCIIEPH-
MEHTOM TMOBHHHA He MOJAEJb NMPOMEXKYTOYHOTO flpa, a CTaTHCTHYE-
ckHe ponylienns. HecmoTps Ha BClO MpaBrONOLOGHOCTL 3THX JOMY-
IeHul, UX NPHXOAHUTCS H3MEHATh TaK, YTOOB JOCTHYbL XOTA OBl
rpy6Oro COOTBETCTBHSI MeXAY CPeJHHM CedeHHEM U MOJeNblo He3a-
BHCHMBIX yacTHU. M3 3THX CJIOB HEKOTOpbIE MOTYT 3aKJAOUHTh, 6YATO
MOJie/IH He3aBUCHMBIX UACTHIl OTBOIHUTCH POJb HEKOEr0 TAHHCTBEH-
HOrO TNpPHHUMIA COOTBETCTBHA. Takoll BHBOA HeBepeH. Ckorr, To-
mac, Jlefin u apyrue [44—46] BecbMa KOHKPETHO MOKA3aJH, KAKHM
o6pa3oM pe3yabTaThl TeopHH Befickonda MOXHO BKJIIOYHUTL B MO-
IeJb He3aBUCHMBIX YACTHIL B KayecTBe ee PYNMMEHTADHHIX NpH3HA-
KOB. BpigepxuT JiH 3Ta yTOYHEHHas MHTepnperanusi Oapuiajjon-
CKHX MAaKCHMyMOB HCIBITAaHHEe BpPEMeHeM, I0Ka ellle He SCHO.
ITocKOIBKY MOJLeJb, YIOMSIHyTasi MHOH, He CJHMIIKOM H3BECTHA,
A mo3BoJio cebe Oersio oxapakTepusosath ee. [Ipeanosoxum (B ay-
X¢ MONeJH He3aBUCHUMBIX YACTHL), 4YTO BJAUSHUE fApa-MUUIeHH Ha
HaJeTaloUlyl0 YacTHLYy MOXKHO Y4eCTb ¢ IIOMOLIbIO HaaJdexarlnM
o6pas3om nojofpaHHOTO MoTeHuMata. Torga Jwoboe cocrosiHue Mpo-
MeXYTOUYHOTO fAapa OyAeT onpefesiThbcs 3aJaHHEM COCTOSIHUS siApa-
MULIEHH W COCTOSIHMEM HaJeTaollel 4acTHLBL, HAX0AAUIeHCH B I0-
TeHUMaJe, cO3faBaeMoM sApoM-mumeHblo. Ha ¢ur. 1,a nokasan
pPSAA YpOBHell MPOMeXYTOUHOTO fAApa HPH 3HepruH BO3OYKIEHHA
okono 8 Mas. BonbIIHHCTBO ypOBHEH COOTBETCTBYET 8030yiOeH-
HOMY COCTOSIHHIO fiipa-MHIIEHH IJIOC KaKOe-TO Omnpeie/eHHOe COo-
CTOSIHHE HaJeTramolled yacTuubl. [lpeamonaraercs, oAHAKO, UTO CO-
CTOSIHHE, OTMeUeHHOe KPECTHKaMU, OTBeYaeT OCHOBHOMY COCTOSHHIO
fnpa-MUIIEHd H COCTOSHUIO HaJleTaloliefl dYacTHobl C 3HeprHeil
oKoJI0 8 M38. D10 CcOCTOSIHHE NMPOMEKYTOYHOIO SIAPA, €CJAH TOJALKO
nocjejHee 3acjay:KUBaeT TaKOro Ha3BaHHsl, YPe3BbIYaHHO OLICTPO
pacnafaercs Ha COCTOSIHMe HCXOJHOTO SiApa-MHUIEHH U COCTOSIHHE
HajieTaloUlell 4acTHLbl C ee NePBOHAYaJbHOH 3Hepruedt. JleficTBu-
TEeJbHO, PaccMaTPHBaeMoe NPOMEKYTOUHOe COCTOSIHHE KHBET POBHO
CTOJIBKO, CKOJIbKO TpefyeTcsl HaJjeTaiollell yacTHie, 4TOGbl mpeosao-
JIeTh NOTeHNHaJ, NMOPOXKAeHHbIA fApPoM-MHLIeHbl0. Pacnalgy Takoro
IIPOMEXKYTOUHOTO COCTOSIHHA Bcerja MNpelIIecTBYeT HCNyCKaHHe Ha-
JleTeBIUEH YaCTHILBI C ee MepPBOHAYaJbHONA 3Hepruell. B stom u mpo-
ABJISIETCSA CBOHCTBO MOJeJH He3aBHCHMBIX YacTHL: B Hell HeT MecTa
peakuMsaM, NMPOHCXOANT OJHO JHIUb paccesaHHe. [pyrue cocrosnus
NPOMEKYTOYHOTO f[pa TakKxke 06/1afaloT Ma/JblM BPeMEHEM >KH3HH;
KaxJ0e U3 HUX Paclajfaercst TQIbKO Ha OJHO COCTOAHHE fipa-MH-
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mend. EcaM vacTHna crajkHBaeTcs C SIAPOM-MUIIEHbIO, HaXOHs-
ILMMCS B KaKOM-Nu60 H3 COCTOfIHWH, He OTMEUEHHBIX KPecTHKaMH,
TO COCTOfIHMe, NOJYYeHHOe NOcJe pacnajia, 6yaer BO30YXK/IEHHBIM.

P EINPREA PO RERAT T

seocossesselssovsssaeese |11l Il l” H“ l“ IR

Iny
T —_—

a , ) )

dur. 1. g — MojeNL HE3aBUCHMBIX YACTHIL

3aecb fleficteHe f]pa-MUINEHH Ha HaJeTaloWLYIs YacTHUY MOMKHO OHHCATh € TMOMOUIbIO IO~
TellquaJ/a, 32BHCAILLET0, Pa3syMEETCs, OT COCTOSIHHA BO30YKNEHHA AAPA-MHUIEHH. B Bepxuei
4acTH GHUIypH MOKa3aHbI YPOBHH 3HEPTHH NPOMEXKYTOUHOro siApa. YpoBeHb, OTMeUeHHbLI Kpe-
CTHKaMH, COOTBETCTBYET OCHOBHOMY COCTOAHHIO HADA-MHIIEHH NJAKC HEKOTOpoe OoNpeieseHHoe
cocToAlHe HaJjleTalouled yacTHUB, OcTaJbHble YPOBHH COOTBETCTBYIOT BO30YKIEHHBIM COCTOSAI-
HHSM siApa-MHIDeHH, Boicota JMHUN B cpefHell 4YacTH Gurypbl — BepOSITHOCTb I€pexoja H3
COCTOAIHHS siApa-MHIEHH, KOTOPOe HAXOAUTCS Haj Hell, B OCHOBHOE COCTOSIHHE SiApa-MHIIGHH
(natoc BLIGPAHHOE COCTOMHH2 HaJjeTalOLeH YacTHUn). [JJas BceX cOCTOSHHEA HPOMEXYTOYHOrO
AApa, 32 HCKJIIOYEHHEM OTMEeYeHHOro KDPeCTHKAMH, 3TA BEPOSTHOCTb PaBHA HyAl0. B HibKHed
YacTH ¢urypnl NOKa3aHa 3aBHCHMOCTb CedyeHHs or 3Hepruu. IUupHHa nuHHHHM OGYCJOBJEHA
GonbIuoit BEPOSITHOCTBIO pAacHaja COCTOAHHS, OTMEUEHHOrO KDPECTHKAMH,

6 — paccMaTpuBaemMas HaMHU MOJAEJb.

H{a s10T paz BO3GYXKAEHHOE COCTOSHHE AAPA-MHINEHU Clpeleasercsl BbHIGOPOM MNDOMEXKYTOT-
HOTO COCTOSIHHA HEOAHO3HAYHO: BO36YXKAEHHBIM MOMXKeT GhiTh J1060e H3 HECKOJAbKHX COCTOA-
puil. DTo o03HaYyaeT, HTO ONPEJEJEHHOTO, <«MOMEUEHHNTO KPeCcTHKAMH» COCTOSIHHS TIDOMEXYy-
TOUHOIO fiApa B Hamed MoxenH He cymecTByeT. HaoGopor, MHOrHe COCTOSIHHA NDOMEXYTOodY-
HOro fjApa HOpH pacnaje MOryT NepexOfHTh B OCHObNGE COCTOsIRie SApa-MHUIEHH (MAI0C BbIG-
paHHOE COCTOsHHe HaJeTalouieR wacTuubl) .BbeicoTa JAHHKE B CpefHell HacTH (HIYDBI — BEPOAT-
HOCTb pacmaja COCTOSIHHE NPOMERYTOUHOro siapa. Uem GJmiKe YDOBHH NPOMEXYTOWHOTO sApa
(B HepreTHUECKOH IIKaje) K OTMEYEHHOMY KPECTHKAMH YPOBHIO B MOJEJH HE3aBHCHMLIX ya-
criiy (@), TeM GoJbllle BepOATHOCTb Nepexofa B OCHOBHOe cocTosHMe. B HuKnelh gacTH ¢H-
rypsl IfOxasaHa 3aBHCHMOCTb C€YeHHsi OT SHepruy, Ha HeGosbuiof cxeMe mnokazadH oO6urui
BHA, KpHBOM [0 ocu opaunaT (ocu ceuenmuil) rpadar cxart, a No ocu abcuuce {(ocH 3HEp-
ruit) pacranyr}. ILlupHHa MakcuMyMa cpelHero ce4eHHd O0GYCJOBNeHAa TJIaBHBIM o6Gpa3oM
T€M, YTC YPOBHH NPOMEXYTOYHOro siipa, KOTOPBIE TPH pacnaje MOTYT fepexodHTh B OCHOB-
HOE@ COCTOStHHe SApa-MHIIeHH, pacupeneseHbl o wkaae SHeprai. TeM He MeHee 3aMETHO fB-
HOE CXOICTBO MEKAY CPefHHM ceueHHeM (6) H MCTHHHBEIM (HeyCPeJHEHHBIM) cedeHHEM B MO«
AeNH He3aBHCHMBIX "acTHR (a).

H3060p0T, ec/In Hanerampoulaa yacTdua crankupaercd ¢ AApoM-Mu-
HieHblo, HAXOJAIIUMCA B OCHOBHOM COCTOAHHH, TO o6pa3yeTcsl JHUIIb
COCTOSAHHE, OTMEUeHHOe KpEeCTHKaMHu. BBPOHTHOCTb pacnana
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Pas3JIHYHBIX IPOMEXKYTOUHBIX COCTOAHHH, 06pa3ywIHXCad H3 OCHOBHO-
ro COCTOSIHHS iApa-MHIIEHH, OKa3aHa B cpeHell 4acTu ¢ur. 1. Itu
JKe BepOATHOCTH RAlOT MaplyasbHble LWIHPHHEI 06pa3oBaHus NnpoMe-
JKYTOUHOTO COCTOSIHHSI M3 HaJjeTalolled 4acTHIB H OCHOBHOIO CO-
CTOSIHHUS spa-MUIIeHH. TakuM o0pas3oM, Ha HyxkHeHd yacTH QUIypH!
NOKa3aHa 3aBUCHUMOCTBL CeueHHsl paccesiHus Ha sijpe-MHUIIeHH Of
3HEepPTHH B COOTBETCTBHH C MOJENbI0 He3aBHCHMBIX 4aCTHI. JTO H
ecTb Kpuas ceuenuii boma u Popua.

llpunas JgonyuieHue O TOM, YTO MOJe]db He3aBUCHMBIX HaCTHL
HeTOYHAa, Mbl JHIIMMCH BO3MOMKHOCTH OJHO3HAYHO COINOCTABJSATH
COCTOSIHUAM IMPOMEXYTOYHOTO fApa T€ COCTOAHHS sADa-MHIICHH, U3
KOTOPBIX HX MOXHO NOJYuYHTb. DoJee Toro, Kaxaoe COCTOsIHHE B
OKPECTHOCTH COCTOfIHHS, OTMEUEHHOTO KpeCTHKaMH, IpHobpeTer
HEKOTOpble cBoicTBa mnocaegdero. CieloBaTeabHO, AJAA COCTOAHHS,
NepBOHAYa/JbHO OTMEUeHHOIO KpecTHKaMH, BepoOsITHOCTL paclaja
B OCHOBHOE€ COCTOSIHME SApa-MHINEHH 3aMeTHO YMEHBbIUHTCH, HO
MHOTHe TIPOMeXYyTOUHBIE COCTOAHHS, LIS KOTOPBIX 3Ta BEPOSITHOCTD
B MOJeNH He3aBHCHMBbIX uacTul OblJla paBHa HYJO, CMOTYT pac-
NacTbCsl B OCHOBHOE COCTOSIHHWE sIApA-MHIIEHH C OTJAHYHOH OT HYyJs
BeposATHOCTbIO. To Ke cHpaBeAdHBO M /s NaplHaJbHBIX LIHPHH
3THX COCTOSIHHH, B CHJIy 4ero ceueHne OyAeT MMeTb pe30HaHCHEI
xapakrep. CuTyauus, BO3HHKAaWILass B paccMaTpHBaeMOil MOZAeJH,
nokKasana Ha ¢ur. 1,6 1Jjs cpaBHEHH ¢ MOJeJIbIO He3aBHUCHMDbIX
yacruu. CpelHee ceueHHe, noJaydJalolieecss B 3TOH MOJeJH, TIOKa3aHO
Ha HHUXKHell yacTu ¢urypbl. MiMeHHO 3TO ceueHHe HdaeT onTHYecKas
moneas sapa Pewbaxa — [Noprepa — Befickonda.

BMecre ¢ TeM Hama MOAesnb YKa3blBaeT Ha BO3MOXKHYIO NpH-
YHHY CHCTEeMAaTHYeCKHX OTKJIOHEHHH OT CTaTHCTHYECKON TeOpHH,
HabamonaeMblx B 3KkcnepdMeHTe. [Ipy HEKOTOPBIX YCJAOBHAX BepOSIT-
HOCTH IlepexOia B pa3jHuHble COCTOAHHS JOUepHEro fdjpa He paB-
HEl. Bosiee Toro, BeposTHOCTL NMepexoda BO Bce COCTOSIHHA, Jexka-
mue BHYTPH €JHHUYHOrO HHTEpBaJja 3HEpruH, He 3aBHUCHT OT
NIOJIOXKEHHsl 3TOTO WHTepBaJaa Ha sHepreTuueckod ocu. Ilpu stux ye-
JIOBHSIX Ha 00J1aCThb BbICOKHX 3HEPrui, XOTsl OHA U COAEPXKHT 060Jb-
LIOe YHCJO YPOBHe#, yKe He NPUXONWTCH JbBHHAS 10/5 NepPexo]oB.
HeGousbmoe uncno ypoBHel, Jexallux B eHHIYHOM HHTEpBaJe NpH
MaJblX 3Heprusix, MOJydaeT CTOJLKO Ke NepexoloB, CKOJbKO HX
IIPUXOAHTCS Ha ropasfo 6ojiee MHOTOYHC/EHHBIE YPOBHH, JeKalllHe
B eIMHHYHOM HHTepBaJie NPHU BLICOKMX 3HepTHsAX. B 3TOM H cocrour
CYULHOCTb NpeHMyllleCTBeHHOr0 06pa30BaHusl HH3KOJAeXKAILHX YPOB-
Hell, 0 KOTOPBIX y2Ke FOBOPUJIOCH IPpH OGBSICHEHHH CHCTEMATHUECKHX
OTKJIOHEHHH OT CTATHCTHUECKOH MOJeJH.

[TpuBeneHHBIl HaMU Halleko He MOMHBIT 0630p MAeT BO3MOXK-
HOCTb TOJIYYHTb HEKOTOpOe IpeJcTaBleHue O pazHoobpasuu mpol-
JeM, K KOTOPEIM INPHMEHAJAach MojeNb NPOMeXYTOUHOTO sjpa.
[losBosibTe MHe mo3TOMY TepefiTH K MOc/]elHeli TeMe, KOTOpyiO f
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XOTeJ 3aTPOHYTh B CBOell JIEKLHH, — OCHOBAM MOJEIH MPOMEKY-
TOYHOTO fAJipa W TeM (yHAaMeHTalbHBIM npo6jeMaM, Ha KOTOpble
OHa MpoJUBaeT HEKOTOPHII CBET,

OPUHUMMNUAJBHBIE ACTIEKTBI MOIEJIM TIPOMEXYTOYHOTO 471PA

Hcropusi mocreneHHBXx 0O0OOINEHHA MOACJAH MNPOMENKYTOYHOIO
f1pa, HeM3MEHHO CJelyIOLIHNX SKCHepHMEHTAJbHBIM pe3yJbTaTaM,
Ha MOH B3TJAAL, 3acayxHBaeT, uToObl ee pacckasaTb. Vctopus
KPOIOLIUXCA 3a 3TOH MOJENbl0 TEeOPeTHUYeCKHX coobpakeHHfl Ka-
KeTcsl MHe elle GoJiee HHTEPECHOM.

[TepBoHauanbHO MBI ¢ BpefiTom HaMepeBaJsiHCh peILHTh BechbMa
Y3Kyl0 3azauy: OOBACHUTb aHOMAaJbHOE IMOBeAEHHEe IONMOUIEeHHA
MeJJIeHHBIX HeHTPOHOB KaamueM [47, 48]. Mu npunsiiu IBa Haleko
HIYLINX JONYyLIeHusA: TNepBoe INOCTYJHPOBAJO CYILLeCTBOBaHUE He-
CKOJIbKO 3araJ04HOrO <IIPOMEXYTOUHOTO» COCTOSHHUs, BTOpPOe Mpen-
10J1aTaJo0 OTCYTCTBHE NMpPSAMOHA CBA3H MeXJIY COCTOSIHUAMH KOHTHHY-
yma, Hama dopmyna coxepxKana TpH «IOATOHOYHBIX» NapaMeTpa,
a Kak Mbl Tellepb 3HaeM, UMesl B CBOeM DAacHOpPAXKeHWH TPH mapa-
MeTpa, BCerza MOXKHO JOOGHTbCH IPEKPACHONO COrJiacua MeXkay
hopmMyJIOH M IKCIEDHMEHTANbHBIMY IaHHBIMHE.

Hanpuefilnasg uCTOpUA BOCIPOU3BOAMT B yMEHBbLIEHHOM Mac-
nitabe OCHOBHble 3Talbl Pa3sBUTHsI NOYTH BCAKOH (PH3HYECKOH Teo-
pun. Bo-nepBrIX, H3 Teopuu ObLIM BbIAeNEHHl Bce 3¢eMepHble H 06-
Ii¥e 3JeMeHTH. DBo-BTOpbX, OOUIUM 3JeMeHTaM Oblla INpHAaHa
Kak MOXHO GoJee mHpoKas GOPMYJAHPOBKA, YTOGH OHH MOIVIH CJY-
JKHTH OCHOBOH JJ1s1 ONMCaHHs LIMPOKOTO KJaacca sBJeHHi. K coxa-
JeHuio, OOLIHOCTb OCHOB CBHJAETeNhCTBOBAJIa O OeJHOCTH HX
(hH3HUeCKOro Cofep KAHUA: HAaHTH NPOTHBOPEUALIHi UM 3KCIIePHMEH-
TaJdbHbIll pe3yabrat OHJIO TOUTH HEBO3MOXKHO. LcTecTBeHHO mno-
3TOMYy, uTO Halll HHTepec MepeMecTH/ICA C OCHOB TEODHH Ha TY
uHdepMauyoo, KOTOPYID MOMKHO ONMHCATh HA fA3LIKE 3THX OCHOB.
B-tperbux, Oblja HPEINPHHATA MONBITKA BBHIBECTH (H3HUECKOe CO-
NlepKaHue, ellle COXPaHHBIIeecs B OCHOBAX TEOpPHH, U3 BecbMa 06-
IMIMX NPHHUMNOB. McTopua nouTH Kamaod ¢usHueckofl Teopuu pas-
BHBaeTCA Mo TakoMy xe nytd. OQHH TeOpHH HPOXOAAT ero OBICTPO,
Ipyrue — 0oJiee BaxKHble — Me/lJIeHHee.

[TosicHio cxka3aHHoe Ha oianHoM mnpumepe. OTkpritve [anuneem
3aKOHOB CBOGOAHOrO najeHHs IIPHBEJNO K BIIOJHE KOHKPETHOMY H
onpeeJeHHOMY ypaBHeHnt©. JDdemepHblM B HeM ObuIO JHWIDb T0-
CTOSHCTBO yckoperus, To obulee, 4TO colepXkajoch B 3TOM ypaBHe-
HuM, ObUT0 cHOpPMYJIHpPOBAHO B BHAe BTOPOro 3akoHa HbloToHa
O NpONOPIHOHAJBHOCTH MeXKAY YCKOPEHHeM K cHJofl. D710 - mep-
Basl W3 HA3BAHHBIX Bblie (as pasBUTHUA (H3NUYecKoil TeopHuu. Bro-
poit 3akod Hbiotona objanaer Takofi OOLUIHOCTBIO, 4TO JAOMYyCKaer
nouTH JioG0N TUN JABUXKEHUS, OH He CTOJbKO CaM ONpenescT
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JBHXKEHHE, CKOJAbKO faeT A3bIK A/ ONUCAHUS PA3/UYHbIX ABHXKEHHH.
CrnenoBate/ibHO, TOCJAE YCTaHOBJEHHs1 BTOporo 3akoHa HbrooToHa
npo6JeMOH CTaHOBHTCS HE ONMHCaHHe IBHXKEeHHA, a BBIICHEHHe NpH-
pPOIBl CHJI, JEHCTBYIOMIHX MexkJy TelaMH. B 3TOM M COCTOHT TO, YTO
MBI HasBaJk BTOpOH (pas3oit passutus TeopuH. Ilocnennsas dasza —
NOUCKH (yHAaMeHTaJpHOH MNpHUHHBI 3JIeMeHTOB ofmero ¢usnue-
CKOTO 3aKOHa, HAIeJsIOIHX TeopHI0 TeM (H3MUECKHM colepiKa-
HHEM, KOTOpbiM oOHa o0Jajgaer, —B paccMaTpuBaeMoM cJayudae
3aBeplIMIach YCTaHOBJEHHeM NepBoro 3akoHa HblootoHa. Ero ¢yH-
JaMeHTaJpHasi OCHOBAa (SKBUBAJEHTHOCTb ABHIXKYIIUXCS ONpeieseH-
HeiM oOpa3om HalJuropaTeseii) Halllla cBOe OKOHYaTeJbHOe BOIJIO-
uleHHe B npeo6pasoBanusax aaunes u Jlopenna.

Haubosee Baxknas scdeMepHAs 4acTb TEOPHH NPOMEXYTOYHOIO
A1pa, KAk Mbl BCKOpe MOHSJIH, 3aK/JK4ajgach B MNDPeINOJNOXKEeHHH
06 HM30JHPOBAHHOM IPOMEKYTOUHOM COCTOSIHMH, U3 KOTOpPOTO cie-
JI0BAJIO CYIeCTBOBaHHe OAWHOYHOTO pe3oHaHCHOro ypoBHs. OnHako,
Korfa Teopusi Oplia 00OOILIEHA Tak, UYTO CTajga JIONYCKaTh Cylie-
CTBOBaHMe MHOTHX NMPOMEKYTOUHBIX COCTOSIHHH M ONMCBLIBATb MHOTO
PE30HAHCHBIX YpPOBHeH, UHCJAO IOJATOHOYHBIX NApaMeTPOB TakKXKe
CTaJ0 TPOU3BOJNLHEIM. BBIIO fCHO, 4TO moYTH J1060H 3KcrepuMeH-
TaJbHbIl pe3yJbTaT, OTHOCAILUACA K SAePHBIM NpeBpalleHusM, 6y-
JeT COTIJIacOBHIBAThCS ¢ Takol Teopwuelt. C yBenuueHHeM OOLIHOCTH
pe3oHaHCHOH (opMyJBl ee CrelH(@UYHOCTh mousa Ha yOblLIb. [lpu-
oOpenn W3/JIUIHIONn «YHHBEPCAJbHOCTb» M NPEANOCHIIKH, NONOXKEeH-
Hble B OCHOBY TeopuHu. BO3MOXHOCTH AanbHernero o6obiieHus Teo-
pPHH M LOBEJeHHS ero A0 «Ipejeaa», KOTIa OCHOBHI TEOPHH YiKe He
OYAYyT BKJIOUATL B ceff HMKAKHMX KOHKDETHBIX [ONyleHuH, Obina
BrepBble ocosnana Kamypom u [Tadiepicom [49]. Hx Teopuio cua-
uajia MOHMMaJH 1JoXo. Tem He MeHee B Hell COAepKaJOChb MHOrO
Hied, BOWEAUX NpPAKTHURCKH BO BCe NMOCAeAywlide paboTHl.

Moxer 6biTb, HeKOTOPBIH HHTEpeC BLI3OBET MOI PaccKa3s O TOM,
KaK ¥ noueMy s obpartuicsa K 3ToH TeMe. IlpumepHo 3a rox no
OKOHUAHUSI BTOpONl MHPOBOK BOWHBI PepMu B pa3roBope €O MHOM
oOpaTH/i BHHMAaHHe Ha aHOMAJHIO, COCTOABWIYIO B TOM, UTO TeOpHS
NIPOMEXYTOUHOrO sjApa MOJyuHJa MMHPOKOe NPH3HAHHE, He GymyuH
xopouo OO6OCHOBAHHON B paMKax GYHIAMEHTAJIbHOH TEOpHH.
51 yecmorpen B 3Tom 3ameuanuyn PepMu BLI30B H nombITagncsa chop-
MYJHPOBAThH JONYIUEHHS, U3 KOTOPBIX MOXHO OblIO Obl BbLIBECTH
dopMyay Ans OZMHOUHOrO ypoBHA. JloNylleHHE O HECKOJBKO 3ara-
JOYHOM «IIPOMEXYTOYHOM» COCTOSSHHH OblJI0 3aMeHeHO THUIOTe30H
0 He3aBHUCHMOCTH BOJHOBOH (YHKIIHH OT 3HEPTHH B TOH YacTH KOH-
(uUrypanMoHHOro NpoCTpaHCTBa, B KOTOpPOH HaJjeraiollas dacTHUA
HaXOJMTCA BHYTPH f/ipa HJH OveHb 6JH3KO OT Hero. Bmecro mpen-
NOJI0XKeH#s] 06 OTCYTCTBHH B3aHMOAEHCTBUS MeXAY COCTOAHHAMH
KOHTHHYyMa Obilo BBEJEHO TIpedlIoJioKeHHe O TOM, UTO BHE HeIo-
CpellCTBEHHOH OKDeCTHOCTH sjApa-MulIeHH HaJerawollas 4YacTHua
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Beger cebsa Kak cBoGonnas uactuuna. Ha ocHoBaHHM 3THX OomyLile-
HUHl MHe yJaJoch 3aHOBO BBHIBECTH BechbMa crneunugpHueckyio ¢op-
MyJay — GopMyJay AJs OLHHOUHOIO YPOBHS, COAEpIKALLY0 TPU Napa-
Merpa. B HapucoBanHOfl MHOH Bhille cXeMe Da3BUTHA (uU3HuecKo#
TEOPDHH 3TO COOTBETCTBYET IepBOH (pase.

3areM TNOfBHJOCH HCKYIIEHHE HCKJIOUHTh NEPBOE JAONYIIEHHE
H 3aMeHHuTh ero 6oJiee oOLell TUIOTE30H O TOM, YTO BOJHOBasA (YHK-
udsi BO BHYTPeHHEH 4acTH KOH(QHUIYpaLHOHHOIrO HPOCTPAHCTBA, T. €.
TaM, TIe PacCcTOsiHHE MeXAy AAPOM-MHUUIEHbI0 W HaJjeralouleil va-
crunell MaJjo, NpeicTaBUMa B BHIe JHHeHHOH KOMOUHAUMH He-
CKOJIBKHX BOJIHOBBIX GYHKIHE ¢ Kod(DduIHeHTaMy, 3aBHUCALIUMH OT
‘3HepTHu (B OTJIHYHe OT CTapoil THIOTE3bl, COrJiacHO KOTOpOH BOJ-
HoBasl (YHKLHsl He JOJKHA 3aBHCETL OT 3Hepruu). PaxrtHuecku
NpHHATHE HOBOI THIOTe3bl 03HAYaJo NOJMHBbIi OTKa3 OT [EepPBOTO U3
HA3BAHHBLIX Bblle JOMYLIEHHH, NOTOMY uTO /AiI00YI0 QYHKIHIO MOXK-
HO HpPEACTABHUTh B BHJAE AOCTATOYHO OOJBUIOTO uHc/aa JaHHBIX QPYHK-
uuit. OcraBasoch €IMHCTBEHHOE CYLIECTBEHHOE JONYUICHHE O KO-
HEYHOM pajJuyce B3aMMOJeACTBHs. BO3MOKHOCTb IIOCTDOCHHA TeO-
puu npu Oojee 0O6lleM NPeANOJOKEHHH O XxapakTepe IOBeldeHUH
BOJIHOBOH (DYHKIMH BO BHYTpPEHHel 4acTH KOH(UTYPANHOHHOrO IMpo-
CTpaHCTBa He OblIa AJM MeHs YeM-TO YAHBHTEJbHLIM: COO0parKeHHus
Kanypa u Ilaiiepsica u HekoTOpbie apryMeHTHl, BBIABHHYTHe Bpeii-
TOM, SIBHO IDEeJBOCXUILAJNN TAKyH BO3MOXKHOCTb, HO NPOCTOTA KO-
HeuHOH (GOpPMyJEBl He MOIJIa He BblaBaTh yaubjienus. OHa HaBOAWIA
Ha MBIC/Ib O BO3MOXKHOCTY YIPOIUEGHHOIO [OAX0AA K BBHIBOAY ¢op-
MYJIBl, KOTODHIH TMOUYTH OJHOBPEMEHHO NpeioKuan Aiizendyn,
lIsunrep u Beifickond (cm. [50, 51]). Eme padblie aHanorH4Hble
HIEH BBICKA3BIBAJUCh B PaJHOTEXHHKE,

3ameuy B ckobGkax, uto Tomac [b2] HCKIIOUHJ BHOCJAEACTBHH
TaKXe W AOMYIIeHHe O KOHEYHOM pajuyce B3auMofeHcTBHS. B okoH-
yaTeJLHOM BapuaHTe MOJeJH, OINUCAHHOM, HalNpHMep, B KHHrax
Bnarra u Befickonda [53] unun Cakca [54], coxpansieTcs pasbuenue
KOH(HUIypalHOHHOTO MPOCTPaHCTBA Ha [JBe uacTd. BcAKoe creiw-
tuuecku siepHOE B3aUMOjelicTBHe MPOHCXOAUT BO BHYTPeHHeHl 06-
JaCTH; BO BHellHell 06/1acTH BOJHBI pPacnpocTpaHsAoTcss cBOOGOJHO.
BMmecTo simepHoro B3amMojeRcTBHsI paccMaTpuBaercs (OopMasbHOe
COOTHOLIEHHE MeXAy HOpMaJ/bHOIl NpPOU3BOAHONH M 3HAUYEHHEM BOJI-
HOBOH (YHKLIMH Ha I'pPaHUlle MeXJAy BHYTDeHHeH U BHeulHe#l 06-
JIaCTAMH:

Us=;Rstdt- (1)

VMecTHO HAlOMHHTB, 4TO cooTHouleHHe (1) Bblpaxaer cBoiicTBa
BHyTpeHHEeH 4acT# KOH(QHIYPaIlMOHHOTO MPOCTPAHCTBA, 3aBHCHT OT
B3aHMOAEHCTBHST BO BHYTpeHHeHd ob6aacrtd u (axkTHYeCKH 3aMeHsieT
OObIYHOE ONHCAHHE ITOTO B3AUMOJEHCTBHS C MOMOILLbIO TIOTEHIHA/I0B
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u T. 4. Coornowenue (1) He 3aBHCHT OT Kakoro Obl TO HH ObLIO
B3aUMOJEACTBHS, €CaAH IIoc/edHee NPOMCXOAHT BHe BHyTpeHHeil
YacTH KOHQUIypalUWOHHOTO NpPOCTpaHcTBA. Beauuudsl U, urpaior
poJsib K03 (UILHEHTOB pa3/I0KeHHs BOJHOBOH (YHKLHH Ha IpaHHIe
BHyTpeHHell obaacrtu, d; — Ko3hHUUUEHTOB pa3/ioKeHHS HOPMaJb-
HOR Npou3BoAHOH, Bennuussl Rs o0pasyloT MaTpHLy — TakK Ha3bl-
BaeMyio R-MaTpHlly; ee 3aBHCHMOCTb OT 3IHEPTHH Onpele/seTcs
dopmynon

N\ vasvae
Rst - E?\, —~E? (2)

rae E, — ypoBHHM 3HEpPTHH MpPOMEXYTOUHBIX COCTOAHHIA (HMX He cJie-
AyeT myTarth ¢ nojHol sHepruedl E cucreMnbl). KoaddunueHnTsl vy,
Ya: ONPEREAsioT BEPOATHOCTH pacnaja NPOMEXRYTOUHOTO COCTOf-
HUs A mo Kamaay s uiau f. Ecam E nmpubsauxaercss K OLHOMY H3
sHaueHuit E,, BenuunHa R cTaHOBUTCA O4YeHb OOJBIION; cayuail,
Korja 3Heprusi cucrteMel £ coBmajaeT ¢ KakKuM-HHOYIb YpOBHeM
sHepruu E; NpOMEXKYTOUHOTO fpa, COOTBETCTBYCT GOJBIIOMY ceue-
uuio. Popmysa a8 OIHHOUHOTO YPOBHS OyJAeT BepHA, eCJH B CyM-
Me (2) OmHO cjaraeMoe CYIeCTBEHHO NPEBOCXOAUT OCTaJbHLIE.
HelicTBUTENBHO, YHCAHTEIb TOTJa HMEET BHJ NPOU3BEAEHHUS JBYX CO-
MHOXHTeJEH, OAWH M3 KOTOPBIX 3aBHCHT TOJLKO OT S, 4 APYroi —
TOMBKO OT f; 3T0 ofecneuuBaeT HE3aBUCHMOCTb BepOATHOCTeR pac-
naja MpoMeXXYTOUHOrO fAjpa MO pa3JHUYHBIM KaHajaM OT crnoco6a
ob6pasoBanus aapa. Takum oGpasom, dopmyaa (2) coxpaHsieT MHO-
rve CBOHCTBA MIPOCTOH TEOPHH NPOMEKYTOUHOro siapa. B To xKe Bpe-
Mg ¢opmyaa (2) coaep:KHT TaK MHOrO HapaMeTpoB (B AeHCTBH-
TeJbHOCTH OECKOHEUHO MHOTO), YTO OHA Bpsj JAu UMeeT (PHU3HYECKHH
cMbica. Tem He MeHee ee HeJqb3sl cuHTaTh OecHOJIe3HOH: OHA HaeT
OCHOBY (f3bIK) AJf ONHCaHHs TPOLECCOB SAEPHBIX TNpeBpallleHui.
[TpuBesennble WHPHHE Yi, M Pe3OHAaHCHble 3Hepruu E, No3BOJSIOT
NOJyYuTh GOJiee MPOCTOE OMHCAHHE SINEPHDBIX NPOIECCOB, 4eM BCE
KpUBble 3aBHCHMOCTH CeYeHHf OT 3HepruH. [lepBhble BeJNHUHHBI Jer-
ye CpaBHHBATh, HHTEPNPETHPOBAThH U Aaxe BBIYMCAATH, YEM HENO-
CPEeNCTBEHHO caMu ceueHus. Jlaa BbiumcaeHus Benuwuun yi H E,

Oblia pasBUTa CllelMaJdbHAasl TEOPHS H HaKoIJIeH OOIUHDHEBIN JKcre-
pHMeHTaJLHBIH MaTepHaa. Bonpoc o npaeuabHOCTH (opMyJsl (2)
yTpaTH/ HHTEpEeC, H €r0 MEeCTO 3aHs/a npodJeMa OTHICKAHHsS BeJu-
e vy, u E,,

B sToM, KaK MHe KaKeTcsl, H COCTOHUT OTBeT Ha BOIDOC, NMOCTaB-
JIHHBIl B Hauyaje [AaHHOH JIeKIUH: HACKOJbKO OOINMHA XapakTep
HMeeT MOJIE/b NPOMEKYTOUHOTO fpa Kak ONHCAHWe AJEPHBIX peak-
uni? Mojenn npomexyrounoro sapa ofJanaer NOYTH HEOTPaHH-
YeHHOH OOLIHOCTBIO, e/ paccMaTpHBaTh €€ Kak OCHOBY JJ/Isi OINH-
CaHHA SAEPHBIX PeakUHud, KaK f3blK, HA KOTOPOM MOXHO HOpPMYyau-
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poBaTb peayabrtathl '). ®usnyeckoe cojepkaHue, KOTOpoe Mbl Iep-
BOHAUAJbHO BKJAALIBAJAY B 3Ty MOJesb, He HMeeT 06llero Xxapak-
Tepa, Ho 0coOeHHO NpocTo (GopMyaupyeTcs Ha fAsbike mogeau. Cy-
ILECTBYIOT, OAHAKO, NPOCTble W Bax<Hble (HU3HUECKHe KAPTHHHI, KO-
TOpble yAAaeTCcsl BLIPA3WTh Ha ee A3BIKe C ropasfo GOJbIIHM TPYIOM.
Hanpumep, Tomac cdopMmy/supoBan TNpPENNOJNOKEHUsT CTATHCTH-
YecKo# MoJenH ¢ MoMolibio cooTHolieHui (1) u (2), a npenoxeH-
nyio KypantoMm [22, 23] 10BOJBHO NPOCTYIO KAPTHHY HEMOCPEACTBEH-
HOTO B3aHMOJEUCTBHA MexKAy HaJjeTalolell dactuiefl ¥ yacTulell-
MHILUEHbIO BbIDA3HTb Ha A3blKe Hauiefl MOAeNM He yjajnochk. Mae
KaXeTcs, YTo A3bIK 3TOT AEHCTBHTE/IbHO [10/1€3€H JIHIIb B TEX CayUasX,
KOT/[1a YPOBHHM 3HEPTHH NPOMEKYTOUHOIO fipa XOPOUIO pasfesieHbl
H MOXHO TOBOPUTh O COXPaHEHHHM MO KpallHell Mepe HEKOTODLIX
YepT HCXOJHOH MOJeNd NpoMexyrouHoro sigpa. B mporuBHOM cay-
yae A3BIK yTpadHBaeT TOYHOCTb M H3SIIeCTBO ¥ HAaNOMHHAET MHe
fokasateabcrBo pasercrBa (Y1 — x2)f =1 —x2 nyTeM pasoKeHHS
V1—x2 B crenensofi pa.

Ha sToM onucanue BTopo#t ¢a3bl B PA3BUTHH TEOPHHM NPOMENKY-
TOYHOTO siApa 3aKaHuupBaercs. EC/H JOMYyCTHMO FOBOPUTB O CXOJICTBE
MEXKAY CJIOHOM H MypaBbeM, TO S XOTeJ OBl NMOAUYEPKHYTh, UTO H
BTopoii 3akoH HploToHa Tak:ke HeceT JHIIL QYHKIMA H3BKA —
OCHOBEI omnucanusi. Koab CKOpo OH YCTaHOBJEH, mpofJjeMa CBO-
OHUTCS K ONpeJe]eHHId CHJ, H3YUeHHNIO X 3aBHCHMOCTH OT MaTepua-
Ja ¥ pacCTOSHUSA, pa3iedsiollero Tenaa, MexXI1y KOTOpbIMH OHH Jeii-
crByioT. [IAsi TeopuH MPOMEXKYTOYHOrO fAApPAa COOTBETCTBYIOUIHE
npobyeMbl GLITH PacCMOTPEHB! HAMH HEMHOTO paHblle.

Nrak, ocraercd Tperbs (asa pasBUTHA TeopuH — OoJiee I1y60-
KOe NMOHMMAaHMe TOH BecbMa CKyJHOH MHGOpMAaLMM, UTO COAEPIKUTCH
B coorTHoweHuu (2). Xorst coorHoleHwe (2) W ompedensieT BecbMa
obuywo ¢yHKuuio sueprud E, yHKIHA 3Ta He BIOJHE NPOH3BOJIb-
Ha. M3 cooTHowWweHus (2), HanpuMep, CJAeAYET, UTO AHATOHAJNBHbII
MATPHUHBIl 3eMeHT Rss ¢ yBeJHueHHEeM YHEPTHH BCErza BO3pacTaeT
{(ecsiu TOIBKO OH OTJIMYEH OT HYJIS).

MHuorue 43 Hac JgoMasu rojoBy HajX BOIPOCOM, ueM 0B6YyCJOB-
JIeHO 3TO U MHOTHE JpyrHe CBOHCTBA 3JEMEHTOB R-MaTpHUILbl, NOKa,
HaKoHey, npuuuHy He Haman Ulyruep u Tuomuo [56]. Broxuos-
JseMble OoJlee panHMMH HcclefgoBaHusMu Kponura [67] u Kpa-
Mepca [58] aTH ‘aBTOpH MOKasaJnu, yTo ecAu R He umeer Buiaa (2),
TO BO3MOXHO BO3HHKHOBEHHe NapaJOKCaJbHOH CHUTYallH, KOrja
BbIXOJAIAsl BOJHa OyJeT MOKHAATh BHYTPEHHIOI 06JacTb [0 TOro,
KaK ee JIOCTHTHeT NpuxojsAuas Bojna. [IpuHuumn, sanpemanuui no-
J06HYIO CHTyaLUMIO, NOJYYHJ Ha3BaHHE <YCJAOBHS NPHUYHHHOCTHS.

1) B uacrHoCTH, Gbino noKasano, uro ¢opmydsr (1) u (2) mO3BOJAIOT ONMUCHI-
BaTh U MPOLECC caMonpouspoabHoro pacnaga. Cwm. § 5 ra 9 B xuure [55].
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BBenenne ero BHecsio GoJbIIOH BKAaA B Hallle NOHUMaHHE COOTHO-
wenus (2).

YCJIOBHE TINMPHUHUHHOCTHU

I'unoresy Tuomuo u UlyTuepa Aokasaan A5 LIMPOKOro Kpyra
apaenuit Ban Kawmmnen [59, 60] (cm. takxe [61]) u Tenn-Mann,
[onpGeprep u Tuppunr [62]. Fx paboTh B 3HauuTebHOH Mepe CIO-
cOGCTBOBAJIH BBISICHEHHIO CBA3H MexAy onepatopom R u marpuueft
CTOJIKHOBEHHS,

Beisox pesyasrara Tuomuo, Hlyruepa, Ban Kawmmnena, Teas-
Manna, lNonpgBeprepa u TuppuHra, Kotopbifi cefluac 6yIeT U3N0XKEH,
f CuMTalo BechMa OOWIMM, TO KpafiHell Mepe [Jif HepPeJsiTUBHCT-
ckoro caydad. OcHOBHOe ypaBHEHHe, MCNOJb3yeMOe MPH 3TOM Bhl-
BOJe, NOCTYJHPYeT, YTO IIPOH3BOJHASA 110 BPEMEHHW OT BePOSTHOCTH
HalTH CHCTeMY BO BHyTpeHHeH o€JacTH KOH(GUIYpalHOHHOrO Npo-
CTPAHCTBA paBHa IOTOKY BEPOATHOCTH depe3 TPAHHWYHYIO [OBepX-
HOCTh BHyTpeHHel o6JacTu. Eciu MBl He XOTHM HCIIOJIL30BaTh IO-
HATHA, OTHOCHLIHecs K BHYTpeHHell 00J1acTH, TO MOMKHO TPHHATH
Apyrofl mMocTysaar: OTpHIAaTe/IbHas INPOH3BOAHASN 1O BPEMEHH OT
BEPOSITHOCTH HAHTH CHCTEMY BO BHeIlHeHd o6JacTy paBHa MOTOKY
BEPOSITHOCTH 4epe3 MNOBEPXHOCTb, OTAEJNAIINYX BHYTPEHHIOW 006-
gactb or BHemrHel, UTo6b BOCHONIL30BATECA 3THM MOCTYJAATOM, OdYe-
BHJHO, HeJNb3f OIPAHUUUTLCA OJHHMH JHUIb CTalUOHADHBIMH BOJ-
HaM{: HeoOXOAMMO B3ATb CYNepIO3HLHUI0O COCTOSHHUI ¢ Pa3JHUHBIMH
3HaYeHHsIMH 3Hepruu. Ilpeanonoxum IS NpOCTOTH, YTO HOpMalb-
Hble MPOM3BOJAHBIE BCEX YUACTBYIOUIMX B CYICPHO3HIHMH COCTOSHHI
00Magal0T OJWHAKOBON 3aBUCUMOCTBIO OT MNOJOXKEHHs TOYKH Ha
rpaHulle, T. €. 4TO HOpPMaJbHAas MPOH3BOAHAS MOJHOH BOJIHOBO#H
(DYyHKUHMH Ha TpaHHle HMeeT BHJ

grad, = 3 a(Ep) [ (x)e” " ®)

CyMmMmupoBaHue B ¢opmyse (3) NPOU3BOAMTCA IO k, T. e, Mo 3Hade-
HUAM SHeprun Ej, a nmepeMeHHas x OTBeuaeT TOUKAM KOHQHIypa-
IIHOHHOTO NIPOCTPAHCTBA. 3HAaYeHHe BOJNHOBOH (DYHKUMH Ha rpaHHIe
naetcs omepatopoM R:

@ (x)= ; a(Ep) R(Ep) [ (x) e Bell%, (3a)

[Torox, BTeKaloluil BO BHYTPEHHIOO 06JacTb, MOXKHO 3amHCaTh Kak
uHTErpas oT BhlpaxkeHus —i (@ grad, o* — ¢* grad, ¢), T.e.

IToTok = —i lzk a(E)~a(E,) e' CrrE)/% X

X[ [ FREDTS = [ REITaS], )
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rie dS osHauaer, YTO MHTEIPHPOBAHHe NPOHU3BOAMTCA MO I'PAHHILE,
OTAeJSI0Ulell BHYTPEHHIOI 00/1acTh OT BHeIIHeH.

XoTsi npuBeleHHble Bhlllle (OPMYJbl HE HAIOT SIBHOTO BhIpaxe-
HHS JUIS BOJIHOBOE (YHKUHH BO BHYTpeHHEH 06J1acTH, TeM He MeHee
OHM [IOJKHBI MOJHOCTBIO ONpeAe/siTh ee, KOJb CKOPO HOpMaJbHasi
NpoU3BOAHAs Ji000H MOHO3HepreTHUecKoH (YHKUMH Ha TpaHHIER
sagana. Ho Torga us mpuHuuna cyneprnosuliiy I U3 KBaApPATHUHOFO
Xapakrepa BceX BBIpaXKeHHI /Il BepOSITHOCTed B KBAaHTOBOH Me-
XaHHKe CJe[yeT, UTO BepPOSITHOCTb HaHTH CHCTeMy BO BHYTpeHHeil
o6/1aCTH OlipeensieTcs BLIpaxKeHueM BH/a

g Pya(E)a (Ek)ei(ElhEk) i, (5)

Koadduunentst Py MOryT 3aBHceTb JUIIb OT BrGopa (yHKUuH f,
HO He OT BpeMeHH. KpoMe TOTO, MOCKOJIBKY BhIpa)keHue (5) umeer
CMBICJ BEPOSITHOCTH, MaTpula P JoJ/KHA GBITh N0J0XKHTENLHO ONpe-
neneda, IlpupaBHuBasg NpPOM3BOAHYIO OT Bbipaxkenus (5) 1no Bpe-
MeHH BBIPA)KeHHIO AJs [OTOKa, NOJydaeM

(E:—Ep) Pu=(R(EN], D=, R(EQF). (6)

CkassipHoe Npou3BeAeHMe O3HAUAET 3[ecb HHTErpHpOBaHHe IO Tpa-
nuie. C MOMOLUBIO JOBOJBHO 3JEMEHTAPHBIX PAaCCyKIeHHH MOXKHO
MoKasaThb, UTO BCe OrnepaTtopbl R, AeHcTBYIOIIHe Ha QyHKINH Ha rpa-
HHle S, BenlecTBeHHbl W cuMMeTpuuyHbl. CJ/lenoBaTe/ibHO, MaTpHIA

C 3JIeMeHTaMHu BUIa
Ik ( ! ( g[ - Ek( ) ) ( )

MOJIOJKHTEJbHO ONpeJeseHa He3aBUCHMO OT TOro, Kakue 3HayeHHs
sHeprud E;, Ej BLIOpaHBl U CKOJIBKO TaKUX 3HaueHU# BhIGpaHO, T. e.
KakoB NOpAAoK Marpuubl. Ho 3To u ecTb ycaoBue, IpH KOTOpPOM
cTpaBelJIHBO pa3JioKeHHe

(I ROOD= X5 ®)
A

rie yi — NOJOXKHTeNbHble BeJHYHHB; TOT (PAaKT, UTO TaKoe pasio-
XeHHe CyUleCTBYeT NpH BceX [, JOKa3blBaeT Hally OCHOBHYWO ¢hop-
Myay ). . .

HepensaTtupucrcknuii xapakTep Halllefl TeOpPHH HCIOJAb30BAJICT
JIUIUb OJWH pa3 — NPHU COCTaBJIEHHM BBIPAKEHHS A IOTOKA, OJHAKO
BLIBOJ NpOTeKaeT HoutH Ge3 HM3MEeHEHHMH M mpu Gosee ofuux BhIpa-
eHUAX JUIS MOTOKA, HalpUMep TaKHX, KOTOPble YA0BJAETBOPSIOT Tpe-
60BaHUSM TEOPHH OTHOCHTENLHOCTH. EXWHCTBEHHOE® CKOJIB3KOE MECTO

) Cm. [63]. Burtep n Hefivan [64] noayunin te ke peayabraTol 6odee (po-
CTBIM CIIOCOGOM.
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BO BCeM BHIBOJC HAXOLUTCS TaM, TIAe [edaeTcd MPeAnosome-
HUEe, YTO BEJAHYHHB Ej IPOU3BOJbHBI H MOryT, HanpuUMep, MPHHH:
MaThb OTPHIATEbHblE 3HAYeHHst. EcaH HCKIOUUTBL OTpHUIlATEJBHEBIE
Ey, TO pesyJbTaT CTaHOBHUTCS He CTOJIb OZHO3HAUHBEIM, H K CyMMe B
BbIDAXKeHHH AJaa R, NO-BUAHMOMY, HYXKHO NpubaBasiTh HHTerpas
0 OTpUUATENbHBIM 3HEprusiM. DTO yTBEpIK/JeHHe TaKyKe JAUIUL [OB-
topsier pesyabrarT Ban Kawmmnena. M3 Hero ciaemyer, uTo ecam MBI
KejlaeM paccMaTtpusath GopMyay (2) Kak caeacTBUHE «YCJAOBHA
NPHYUHHOCTH», TO HaM HEOOXOAHMO HCXOJHTb H3 ApPYroll (pusnde-
CKOHl THINIOTE3DI.

A cunraw HaumGonee eCTECTBEHHBIM NPEeANONONKEHHe O AOMYCTH-
MOCTH paccMOTPeHHs BO BHelWHeld obgactu Jaw06oro mnoteHiHaJa-
KOHCTAHTBl NIPU YCJOBUY, YTO MATPHUYHBIE 3JeMeHTHl Rg; B COOTHO-
weHHH (1) ocraoTrcs OZHUMH M TEeMH K€ He3aBHCHMO OT 3HAYeHHH
STHX [OTEHLHaN0B. AHa/JOrHyHble MOMYIUEHHS O CYIIECTBOBAHHH
NOJYNPOHHILAEMBIX NEPErOPOAOK W T. . M3BECTHH HAM H3 TepMO-
JUHAMHUKH. B Hacrosillee BpeMs OOIIHMH MeTOLAaMH CTATHCTHYECKOMH
MeXaHUKH MOXHO NOKa3aTb, 4TO TakKHMe JAOOYIIEHHsi HUKOTJa He
NPUBOAAT K NPOTHBOPeunio. byjeT Ay 3TO BepHO U O OTHOLLEHHIO
K rurnore3e 0 NPOH3BOJbLHBIX MOTEHULHANAX-KOHCTAHTAX [Js pasiand-
HbIX fIePHBIX peaKUuu#, [IOKa elle HesCHO.
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I1. SAEPHAY 3HEPI'U{

8

TEOPETHYECKASA ®HM3HUKA B METAJIJIYPITMYECKOW
JIABOPATOPHMH UHUKATI'CKOI'O YHUBEPCHUTETA)

Hoxrop [Happoy npennoxus, uto6pl cTaThaM OoJee ClelHasb-
HOTO XapakTepa, KOTopble Oy1yT AoJ0xKeHbl O0LiecTBy 4JleHaMH cTa-
poll CpyNmel TeopeTHUecKoH# (U3HKH Merajnyprudeckoil Jsaboparo-
pun («IlayronueBoro mpoexra»), Ajs o0JerdeHusi IOHAMAHUSA ObLIO
NpelIocaano kpaTkoe BBeldeHHe. ITOCKOAbKY 3TH CTATbH H3JOXKEHDI
OueHb C3KATO U HEKOTOPble M3 HAIIUX COTPYIHHMKOB He VCIeJHU Ipel-
CTaBHTb K 3aCelaHMAM TEe3UCH CBOHX BBHICTYIUIEHHH, I C PalOCTbIO
NPUHAJ HpelJoKeHHe HAallerc cekperaps 4 B3ga Ha cebs cocTas-
JeHHe obulero o63opa MpoAeJaHHOd HaMH paGoThl.

B mnepuon, npoaosKaBUIMica npuUMepHO ¢ cepenuunt 1942 r. no
cepenuHbl 1945 r., T. e. mouTH 3 roja, Ha YeTBepTOM 3TaxKe JKKapT-
Xoana cobupanoch okKojgo 20 (HU3MKOB-TeOPETHKOB, paboTaBLIMX
HajJ teMu npobjeMaMy PeaKTOPOB, KOTOPbIE MOMKHO OBLIO peuldThb
MM 10 KpaWHell Mepe NONLITATBCS pPelIUTh METOJAMH TeopeTHde-
cxoii ¢pusuku. CocTaB rpynnmel He GBLT BCe BpeMs TMOCTOSIHHBIM, HO
s CYACTJIHB CKa3aTb H rOBOPIO ¢ 6OJBILIOA TOpAOCTbIO, YTO MBI OBLIH
OJIHOH CYACTJIHBOH CeMbed, H 51 He MOTY INPHIIOMHHTb HH OZHOTO
cayuasi, KOrla pasHorjacust Kacaaucb Gbl BOIPOCOB, He CBSI3aHHBIX
C TeXHHKOM.

Boablias uactb Hamlel paGoThl Kacaliach BeCbMa CPOYHBIX MPOO-
JeM, ¥ JHIIb MaJjas AoJs INOJydeHHBIX De3y/abTaToB Obll1a omyG6.H-
KOBaHAa B HayyHOH neuatH. Hamiell rpynmne npuxoiusJock MHOTO 3a-
HUMATbCS YHCTO MHKeHepHOH paboroit. Hanpumep, cumranocsh, uto
B Hali¥ 06G53aHHOCTH BXOAHMT Olpejie/leHHe CeKYHIHOTO pacXoja Kul-
Koctel. He opmnHa aByxTaBpoBasi Oajdka Oblia paccuurtada Hamu!
Ilpuxoaunoch 3aHHMATLCS pellleHHeM H APYrHX HHXKeHepHLIX BOMpO-
coB. M xors mbl uyBcTBOBadM ceGs B UyxJAo# HaM o6JacTH He COB-
ceM YyBePeHHO, Mbl JeJaand Bce, 4to OoT Hac TpebGoBamoch. Kpowme

) Hoknap mnpounran 22 wuroHa 1946 r. B Yugaro Ha ceccun AmepHKaH-
CKOTO (pu3uuecKoro obuiectsa. Ony6nukopan B xkypHaue: Journ. Appl. Phys., 17,
Ne 11 (1946).
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TOT0, HaM MPHXOJNJIOCh MOAJeDKHBAaTh MHOTOUHCJAEHHBIE KOHTAaKThl
C 9KCIepHMeHTAJbHEIMH TPYNIAaMH M C XKHBEHIINM HHTEPECOM BHH-
KaTb B caMbleé pasjinudble NPo6GJeMbl OT NPOHM3BOACTBA M KOPPO3HH
aMIOMHUHHeBBIX TPyO 10 paAHOaKTHBHOCTH KHCJIOPOAA, BO3HHKAIOILEH
npu MOIJIOIIeHHH HeHTpoHOB. Bea sta pabora 6blia Heo6xomuma, H,
Or1AJbIBASICh HA3aM, A JOMXKeH, He KoJeb/sdch, CKa3aTh, YTO Haula
NOJUTHKA — NPHHATHe Ha ce6s QyHKIUHA, 06bIUHO OTBOJHMBIX HHIKE-
HepaM, — Jl0KasaJja CBOIO TpaBHJAbHOCTb. Bo-nepebix, «Ilayronue-
BLIfl NPOEKT» B IIepBble JHH CBOErO CYIIECTBOBAHUA Obl1 HeNOCTA-
TOUHO ofecrieyeH UHXKeHePHBIMHM KaJpaMu: K MOMEHTY, KOrja HaMH
mpakTuueckd OBl pasdpaboraH niad obbekra W !) (mocTpoeHHOTo
BrocaencTsun B Xasudopae), B «[layronneBom npoekre» HMenoch
JAULIp JABa-TPH HHXKeHepa-NpPOeKTHPOBMIHMKA. Bo-Bropeix, B Jaw060M
HoBoM fedse (a B 1942 r. TakuM nesqoM GBLIO CO3AaHHE SIAEPHBIX pe-
aKTOpPOB) BaXKHO, 4TO6LI HALLIOCh XOTb HECKOJBKO JMIOAEH, KOTOpbIE
6bl1u Gbl OCTATOUHO 3HAKOMBI CO BCeH KapTHHOH B LeJOM, 3HAJH
6Bl BCe TPYAHOCTH U yMeJH NIpecAoJeBaTh HX. Bropoe obcrositenn-
cTBO npuHobpeTaeT 0co0YI0 BaKHOCTb B CBA3U C MpeArnojaraeMoi
nocrpolikoil peakropa mokrtopa [snusmca B Kanurone. Bolocs, uto
HblHelIHee paclpefenenne o6s13aHHOCTeH, Bo3Jaaramlee Ha TeX, KTO
B OCHOBHOM 3aHMHTepeCOBaH B CTPOHTENbCTBE 3ITOr0 peakropa, Ha-
MHOTO MEHBIIYIO OTBETCTBEHHOCTb, UeM HECJH MBI [0 OTHOUIEHHIO
K peakropy W, He CJHIIKOM CHOCOOCTBYeT BHINIOJNHEHHIO rpaduka,
ony6JHKOBAHHOTO B raserax. DTOT TpadHK, IpexkJe BCETO, YPE3Bbi-
yallHO ONTUMHCTHUEH, ¥ 51 He Beplo, 4TO PeakKTop Oyier HyileH [0
1948 r.

Kak s yke ckasaJ, OuITh B Kypce BCex JeTanell npoekra W ObL10
Halllel OCHOBHOW (PYHKUHed M 3aHMUMaJ0 OOJbHIYI0O YacTh Hallero
gpemend. IIpakTuueckn Bce cTapliMe uWieHBHl Halllefi TPynmnbl B TOM
HJIH HHON (OpMe BBIMOAHAIH 3Ty IV1IaBHYIO (YHKIHIO, XOTS OCHOB-
Hoe OpeMst B3anu Ha ceb6sa Ppuaman, Oamnmxep, BeitnGepr, Hur
1 Mucc ¥Ys#i. Kpome Toro, Ha BTOPOH roJ CYyILECTBOBAHHA IPOEKTa
Yunep Obln nepeBeleH B YHIMHHITOH AJIs1 OKA3aHHs HENOCPEeACTBEH-
Ho#l momomy KoMmnanuu [ionona. XoTa pazpaboTka NpoekToB 00b-
ekta W B TedueHHe NEpBHIX ABYX JeT Oblia Halledl ocHOBHOH pabo-
TCH, OHa MeHee BCero MOAXOAMJA B KauecTBe TeMbl A5l NYGJIUUHBIX
I0K1agoB. B mocaenyiowine roabl Ham HHTepec Obl1 cocpeloToueH
rJaBHBIM 00pa30M Ha NMPOH3BOJACTBE IHEPTHH, OJHAKO 3TO Hampas-
JieHde, B pPa3BHTHE KOTOPOTO pemarollui BKJaaj BHec SIHr, moka eie
CJAHMIIKOM 3dceKpeyeHo, 4TOObl 0OCYXJaTb €ro OTKPHITO, H MOM

1) VHTepecHO 34METHTh, YTO Ha NpoeKTe o6bekra W cTossa gata 9 sHBaps
1943 r. Ou Obl1 OKOHUEH POBHO uepe3 42 gHs mocnie Toro, Kak depMu u ero co-
TPYAHHKH BIEPBBIE 3KCIEPUMEHTAJbHO OCYUIeCTBHJIN UEMHYIO SAEPHYIO DPeaKUHIO
(2 nekabps 1942 r.). Pasymeercs, Bce pa3Mephl peakTopa Ha oGbexTe W HaM mpH-
uIoch BHIGPATh 3aJ0Jr0 ZO 3TOH AaThl (MpaBla, OHH HYXKIAJHCh B 3KCIEPHMEH-
TaJbHON NPOBEpKe).
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noknan 6yner NocBsleH BOIPOCAM, KOTOPEIMH MBI MOTJIY 33HHMATh~
cst JMIIb BpeMsl oT BpeMeHH. Hauin pe3ysanTaThl 1 pa3o0blo Ha yes
THIpE TPYIINEL:

1) a1emeHTapHAsl TEOPHSA IENHHIX SIAEPHBIX peaKILUf;

2) Gosee nonpoGHas TeOpHusl LeNHBIX peaklui;

3) nmeficTBHe paJMalMU Ha BELIECTBO;

4) rteoperuueckas Gu3zHKa.

B stom nopsaaxe s u 6yny paccMaTpHBaTth Halld paBoTHL.

DJIEMEHTAPHAS TEOPUS LIETIHBIX AXEPHBLIX PEAKLIUM

CaMbiM YAHBUTENBHHIM B LEMHBIX ANEPHBIX peakuudax 6Goljia Ta
JErkoCcTb, ¢ KOTOPOH MX YyAajochk OCYUlecTBUTh. IlosiBHBINascs B
susape 1940 r. cratbs Cuuanapia yxe colepxana omucaHue ycra-
HOBKH, BIIOJIHE CocOOHOM AeficTBoBaTh. Ho MBI, Jesasi mepBble maru
B 31Ol 06.1acTH, onupaauch He Ha cratbio Cumnmapnra, a Ha paGoty
®epmu, ocHOBaHHYI0 Ha Gosee MpOCTHIX coobpaxkeHuax. Wmen, ana-
JOTHUHbIE HIesiM PepMHu, BHICKA3BLIBATH H ApYrue QUIHUKH, TJIABHBEIM
ob6pasom $oun Xanpban. Kpome Toro, scsi paGota Ges CKOAbKO-HH-
6yab CYLIeCTBEHHBIX OTK/JIOHEHHH 6blia 1y0/1UpOoBaHa HeMenKuMHU (u-
3UKaMU-AJePUIHKAMH.

B uenxoil peakuun HHTepecylolllero Hac THNa fipa ypaHa mpe-
TepIeBAIOT JeJeHHe M Hcnyckalor Hefitponnt. CHavana 3TH HeliTpo-
HBl JIBHKYTCsl OBICTPO, HO BCKOPE 3aMelJHTeNb — B HaAllleM cJaydae
5T0 yraepox (rpadur) — MOHHKAET MX CKOPOCTb. 3aMedJeHHble
HelTpOHBl B TeUEeHHe HEKOTOPOro BpeMeHH AUDIYHAMPYIOT, MOCHde
uyero HorJaomamTtcesd. DBOJMbIIHHCTBO HeATPOHOB MOrJoImaer ypa,
KOTOPbifi 3aTeM NpeTeprieBaeT fAejeHHe W HCMYyCKaeT HefATPOHHI cie-
aywouiero nokosenus. OTHoIIeHHWe YHC/AAa HEHTPOHOB ORHOTO MNOKO-
JeHHs1 K 4YHCTy HeHTPOHOB MpeJlIeCTBYIOHIETO IOKOJEHHS HAa3bl-
BaeTcsi Ko3(h(duuueHTOM pPa3MHOXKEHHsT M OObiYHO o6o3HAuaercs
6ykso#i k. B teopuu depmu npobiema onpeieneHus KosbduuHeH-
TOB Pa3MHOMKEHHS H KPUTHUYECKHX Da3MepOB JIEJTHTCS Ha ABE UaCTH.
[TepBas yacth nNpoGiaeMbl COCTOUT B BHIUHC/IEHHH K02 (dHIIHeHTa pas-
MHOXKeHUS 15 OGecKoHewHO# cpefbl ke, HA3BIBAEMOTO OOBIYUHO M5
KpaTKocTH mnpocto Kouzdduiuentom pasmHoxenusi. Oun 3aBuCHT
TONBKO OT TeOMETPUM W MATEepPUaNOB CHCTEMHl, B KOTOPOM Mpoucxo-
IUT LenHast peakuysi, U ONpejesseT OTHOIIEHHe 4UCJIA HeHTPOHOB
IBYX MOCTENOBATENLHBEIX [OKOJIEHH!l B NPEeANOJIOKeHHH, YTO Te ¥XKe
MaTepuasbl M B TOll Ke IeOMeTPHUH, KAK H B UHTEPECYIOUIEM HAc
cayuae, 3anoJHSOT Bce GECKOHEUHOE IIPOCTPAHCTBO.

Bropasi uacte mpo6JjeMbl COCTOMT B BBIYHCHEHHM KPHTHUYECKON
Iayue [, He 3aBHCSINIed OT BHYTPeHHell CTPYKTYPH YCTPOHCTBA, B
KOTODOM TIPOMCXOAMT lieTHas peakuus, a OnpelesisieMol MCKIIOUH-
TeJbHO ero pasmepamu u dopmoii. KpurHueckas njauna [ mam o6-
paTHas efl BeMUMHA % TO3BOJIAET BHIYHC/IHTH stpcpeKm,BHbIﬁ Koatps
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¢buuMenT pa3MHOXKeHHA Ropg, €CH KO3DPULNEHT R H3BecTeH. -
(pekTUBHBIA KO3 PHULUEHT pasMHOXKEHUSt — 3TO OTHOUIeHHE uyHcJja
HeATPOHOB [ABYX MOC/JEeA0BATENbHBIX MOKOJEHHH B KOHEUHOM peak-
Tope. ViMeHHO 3TOT KO3 GhHLIHEHT Pa3MHOXKEHHs NPEACTABISAET HHTE-
pec ¢ mnpakruueckoifl Touku 3peHud. OH 3aBHCUT HE TOJBKO OT
MaTepHaJoB H HX PAaCHOJOXKEHHS B pelleTKe, KaK 5TO GbLIO B Cay-
qae Re, HO H OT HCTHHHOH NPOTSXKEHHOCTH PEINETKH, T. €. OT pasMme-
poB u ¢opmbl peaktopa. B peakrope, paborawiueM B CTamHCHap-
HOM pexuMme, Koa((UIHEHT Rspq BCerza paped | u npesbimaer |1
TOJIbKO [IPH BO3PACTAHHH MOLLHOCTH pEaKkTopa, HAIPHUMEp TIPH €ro
IycKe, # TO Ha OYeHb HeOOJbINYI0 BeJHUHHY. KoahduuHeHT Aapg
Bcerjga MeHble K, NOTOMY, YTO B peaJbHOM peaKTope KOHEUHBIX
pasMepoB uacTb HeHTPOHOB KaXKJAOTO IMOKOJEHHsI BhlIeTaeT 3a Mpe-
IeJbl peakTopa WM He JaeT BKJAajJa B clelylomiee HOKoJseHue. B Oe-
CKOHEUHOM peaKTope TaKoll «yTeUKH» He CyHIeCTBYET.

Mosker cJ0XHTBCA BleyaTJeHHe, OyATo peajbHOEe 3HaueHHeE
UMeeT TOJAbKO 3(PheKTUBHLIA KO3 (PHIHEeHT pasMHOXKEeHHS, HO OKa-
3BIBAETCH, YTO JJIA BLIYHCIEHHS Rppg BCAKHH pa3 NpeABapHTENHbHO
HeOOXOAMMO BEIUHCIUTD Koo

9l KpaTKoO HATIOMHIO, KAK POMCXOAUT BEIUUCHEHUE Roo, HOCKOIBKY
Gosiee NOAPOOGHO OHO YiKe NPHBOAUJAOCH B JAokjage Cmura. Yrobbl
HalTH YUCJO HEHTPOHOB CJEAYIOUIEr0 IOKOJEeHHS, NPOH3BOAHUMBIX
OLHUM HEHTPOHOM HAHHOT'O NOKOJIEHHS, MOXKHO HAuaTh C POKAEHUA
opHoro HeltpoHa. [lockosbKy npolecc NpoOUCXOAMT B KyCKax ypaHa
H HeHTPOH NepBOHAUYaJLHO o6jaanaer GOJBIIOH CKOPOCTbIO, OH MO-
XKeT BBI3BATb JeJeHHe He TOAbKo siep U5, no u agep U2, [Tocaexn-
Hee TOpa3o BaKHee, MOTOMY 4TO siiep U Goapie. C 3TUM mpouec-
COM KOHKYpPHUpYeT INpolecc Heympyroro paccesHds HEHTPOHOB Ha
aToOMax ypaHa, KOTOPLIH MOxXeT 3aMeMJHTh HeHTPOHB! IO CKOPOCTH,
MeHbIell nopora genennsa U8 [1, 2], u mpouecc BblieTa HEHTPOHOB
H3 KyCKa ypaHa B 3aMe/JIUTe/b.

BaxHocTh AejenHus Ha OBICTPHIX HEHTPOHAX MepBLIMU IICHAJH
Cungiapn u ero corpyanuku. OcranpHble HakTopbl, Onpeesonie
K03 bHIHEHT £, OBLIM U3BECTHHBI €lile PAHbllie H YUYHTHIBAJIHCH TEO-
puelt Pepmu.

IlpeanosiokumM, uTO MNEPBUYHLIA HeHTPOH BLI3bIBAeT [deseHHe
ypaHa ¢ ofpasoBaHHeM € — | HOBRIX HeHlTpoHOB. B cBoeM moknaane
Ha 31Ol ceccun Pusuueckoro obumectsa PepMu YHOMSIHYJA O TOM,
uto g — | = 0,03. CienoBatesbHO, Ha KaXKAHH aKT JeJNeHHS IPUXO-
antes e~ 1,03 HelAITPOHOB c 3HeprHed, uyTh MeHbIIeH nopora geJe-
Jnenusi. BOnbmasg yacTh 3THUX HEHTPOHOB INONAfeT B 3aMelJUTe]b U
saMeJJiseTcs O TelVIOBHIX SHepruil. HekoTopbie u3 HUX cayyaliHO
BO3BPALLAIOTCH B YpaH U MONIOLMAIOTCA OZHMM H3 MHOTOUHMC/IEHHBIX
pesoHaHCHbIX ypoBHel U2, Takue akThl IOIJIOIEHHS HE NPHBOIAAT
K AeneHuio # o6ycJOBAMBAIOT JHMIb NoTepro HefiTpoHOoB. Ha Baxk-
HOCTb 3TOro npouecca eue B 1940 r. o6paTtunu BHHMaHHe Bop H
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Apyrue. JInilb B TOM cjydae, KOrga HeHTPOH MOTEPSAa AOCTaTOYHO
SHEepPrHd M OKasaJca HHXKe CaMoro riayGOKOro pe3OHaHCHOTO YpOB-
Ha U2® (Do uMmeloWHMCsi B JuTtepaType HadnbiM [3] sneprus 3Toro
YPOBHsI COCTaBJISeT OKOJIO 5 38), OH MOmeT H36eaTb TAKOH Cyldb-
6bi. BeposTHOCTL TOro, 4TO HeHWTPOH H3GEXHT PE3OHAHCHOrO 3a-
xBaTta, o6biuHO 00o03HauaT OyKBOHM p. DTa BeqHYMHA MeHblie 1.
B pesyapraTe pe30HAHCHOrO MOIVIOWIEHHS KaAbll MepBHUHBIA Hell-
TPOH NPHBOAHT K NOSIBJEHHIO ep HEHTPOHOB C 3HepTHeH, MeHbLIeil
5 ss.

ITonHoe onmucahue Bcex HOAPOGHOCTEH BhIUMCAeHHS p OblIO Obl
CJHMIIKOM YTOMHTeabHbIM. CpemH Bcex NPOHECCOB, YYacTBYIOIIHX B
UellHOH peaKLHH, pPe30HaHCHOe MOIJIOLleHHe ObljI0 eIHHCTBEHHBIM
IIPOLeCCOM, KOTOPBIA MBI, IpPHCTynast K paboTe, He 3HAJH NO-HACTOS-
uemy. JlaHKOBa M MeHSI ocOGeHHO HHTepecoBaJH (pU3HYeCKHe IPHH-
UHIE], JeXalllie B OCHOBE De30HAHCHOIO HOIVIOU[eHHS B MakKpOCKO-
NHYECKHX TeJaax, HO HJEeH, AHAJOTHUHbBIE HAIIKM, OblJIH PAa3BHUThl TakK-
)Ke u ApyruMu. Boiumcienue p 6nlno onucado Kpucru, Belin6eprom
¥ MHOU, XOTa BKJaJ B pa3paboTKy MeToJa BHECJH H MHOTHeE JpYrHe,
B ToM uucie AHmepcoH. MarepuasbHble KOHCTaHTHI, HeOGXOAHMElE
Ajst pacueros, usmepuau Kpe#iry, [Onuuk, Caaéinep u Yunacon!?)
g Ilpuucrone u rpynna Muruenna B YHusBepcuterte wrara Muauana.

Mrax, Temepr y Hac umeeTcd ep HEATPOHOB ¢ 3JHEPTHER HUXKe
pesoHaHCHBIX ypoBHeil ypaHa. CorjacHo TeopuH, CKODOCTH 3THX
HeAITPOHOB NOHHKAIOTCA 3aMelsiHTeseM 1o TenJoBblX 3Heprufl. Ilo-
cJle 3TOTO HeHTPOHBI NOTJIOIIAITCH YaCTHUHO 3aMe/JTHTEJIEM H HMelo-
UIMMHCA B peakTope NMpPHUMeCsSMH, YaCTHYHO — ypaHoM. [lono Heit-
pOHOB, HOTJIOLIeHHBIX ypaHoM, ®epmu obo3nauaer uepe3 f. Bcero
ypaH morJoilaer epf TEMJIOBBIX HEATPOHOB, OTCIOZA A/ YHC/a BTO-
PUYHBIX HEUTPOHOB HMeeM

ko = &pfn, (1)

rae M — uucao (OBICTPBIX) HEATPOHOB Je/eHHs Ha OAMH MNOTJOIEeH-
HBEIf ypaHoM TemyioBo#l HedTpoH. [IpHHUUNB BBLIYMCJGHHS «TeIJIO-
BOTO HCIOJb30BAHUS» [ He3aBHCHMO ycraHoBuau Pepmu, Ilnauex
u nama rpynna. Gopmyael, KOTOPEIMH MBI NOJb30BaJHCh B paloTe,
6b111 BhiBegenbl Kpucrth, mMuccuc Mouk, I[lnaccom # MHOH MeTonoM,
AHAJOrMYHBIM BBIUHCJIEHHIO BOJHOBOH (GYHKIHMH B MeTa/iax Mo Me-
TOAY siueek (CM., HampuMep, [5]).

B uesom BbiuncienHe Kos(d(HIHeHTa pPasMHOXKeHHs AJs Oecko-
HeuHOH pelleTKH YAAJ0Ch NMPOU3BECTH COBEPIIGHHO <NPAMBIM® Me-
TOLOM, 4 JIEFKOCTb, C KOTOpPOH 3TO OBLIO CHesNaHo, ABHJIACH ONHUM
U3 ennuaiimuux ciopnpusos «Ilayronuesoro npoekra». Eme B 1942 r.
Tlnace u g npeAnpHHsJIM IIONBITKY PacCudTaTb ONTHMAJbHYIO pe-

1y CM. cratbn B xkypuane [4]. — [Tpum. astopa npu KOppexType amepuxan-
CKO20 u30anun KHuau, o
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IIETKY», T. €. PEIUCTKY ¢ HAHGOJNBIIHM Rs. XOTH (PHU3HUECKHE KOH-
CTAaHTHl B TO BpeMs OBIJIM H3BECTHHl He C OUeHb BBICOKOH TOUHOCTbHIO,
HaM YyJaJoChb OIEeHHTh pasMepbl ONTHMAJbHOH pelleTKH (I03[Hee
3TH JaHHBle OBIIM HCIOJb30OBAHBI NPH CO3ZAHHH MEPBOrO SAEPHOTO
peaktopa). Hackonpko MoXHO cyautp cefiuac, HafigeHHble HaMH
pasMepbl NPHBOAMIAH K KO3(PDHIHEHTY PA3MHOXKEHUS Ro, KOTOPHIH
pPOBHO Ha /2% OB MeHbille 3HAUEHHS Ko PEATHHOH ONTHMAJbHON
pelieTkd. Mbl HHUYTb He COMHeBaeMcs, UTO H Jwp0ble ApYyrue AO-
CTAaTOYHO KOMIIETEHTHBIE CIENHANHCTHl TNPHIIJIH OBl K TAKOMYy XKe
pesyabrary. BrnocaeacTBun BRIYHCIEeHUS1 R OBlIM HamMHOro ofJjer-
YeHE! MyTeM HCMOJb30OBAHWA JHArpaMM, CIELHaNbEO AJist 5TOH HeJH
cocTaB/eHHBIX Muccuc MoHK M MuccHc YduaMmana nox PyKOBOJ-
cTBOM npodeccopa ¥Yusnepa. BeruuciaeHHs ko GBIIH pacnpocTpaHeHHI
Ha BCe THIB PeIIeTOK, B TOM YHC/Ie Ha pellleTKH, COAep:Kallue To-
JKenyio u o6BIUHYIO BOLY, U T. . Boabllyio yacTe 31oil paboTh Hpo-
nenanu Belin6epr u ero corpynnukmu, muccuc Mouk, [lnace, muc-
cuc Yuuamana, Credencon u apyrue. PesyabTatel misi Bcex H3y-
YEeHHBIX CHCTEM OKa3aJHCh B XOpolIieM KadyeCTBEHHOM COTJIACHH.

Hecmorps Ha 310, CBOHCTBa, Jesaollie PeUIETKY ONTHMAJbHOMH,
He OUeHb NPOCTHL. Xopomio, ecau HeATPOHBI ¢ GosbLIof 3Hepruei
OyAyT OCTAaBaThCsl B ypaHe, — 3TO MO3BOJHUT MOJYYUTh GOJbLINE 3HA-
yenus e. C Apyrofl CTOPOHH, KeJaTeJbHO, YTOOH HeHTPOHH ¢ MaJioi
9Hepruell («pe3oHAHCHbBIe») OCTABAJHCh 110 BO3MOMKHOCTH BHe ypa-
Ha — TOrja 3HaueHue p Gouio Obl 6au3ko K 1. Kpome rtoro, Temio-
Bble HeHTPOHBI HeOGXOAMMO BO3BpalllaTh B ypaH, utobul [ OblI0 KaK
MOXHO Gamxe K 1. DTH mpoTHBOpeuHBble TPeOOBAHUA ONpeAenasioT
reOMeTPHIO ONTHMAaJbHOH PelIeTKH, T. €. ONPeAeNsloT COOTHOLIeHHE
KOJIMUECTB 3aMeJJINTe/Ii W ypaHa, a TakikKe NapaMeTpbl peHIeTKH.
OpnHako pmaxke IPU CPAaBHHUTENBHO OOJBIIHX OTK/JIOHEHHUSIX OT OMTH-
MaJbHBIX pPa3MepOB BEJHYHHA K. IOHHMKAETCS He OYeHb CHJLHO.

To, uro a pacckassiBaj [0 CHX TOp, OTHOCHJIOCh K BBHIYHC/E-
HHIO Roo. XOTS1 DepMu NPeasoXUuA METON, NMO3BOJNSAIOIUA BbIYHCIATh
kapp O H3BECTHOMY Ro, s1 He OyLy H37araTh ero 3jech, a nepeiny
K 6oJiee CI0KHO!N TeOpHH, AAIOLLell HeMOCPeACTBEHHO Rapg.

BOJIEE NTOOPOBHAS TEOPHY LIETTHBIX PEAKLHM

Bosee nmoapo6Hass Teopusi LeENHbIX peakuuwil Ao/axHa Oblia Gbl
napaTh GoJiee TOUHBIE METOABI BBIYHCJICHHSI KaK ke, TaK U Ropg.
B neHCTBHUTENBHOCTH Ke pacueT R. OblM yJayyllieH BecbMa He3HauH-
TeJbHO: BHIUHCJIEHHE € H P NPOU3BOAHJIOCH TaK Xe, Kak U B 3JeMeH-
TApPHO!i TEOPHH, M JHUIIL OJHO YCOBEPLIEHCTBOBAHHE OBIIO BHECEHO
B BBIYHCJIEHHE f.

TloBeleHHe «TEMAOBBLIX» HEHTPOHOB B pellleTKe H3 ypaHa H 3a-
MeJJIUTEIA Ja/NeKo He mpocto. SICHO, YTO IJIs YCTAHOBAEHHS NOAJIUH-
HOTO TENJIOBOrO paBHOBECHH MeXAY HEATPOHAMHU M 3aMeLJIHTeNIeM
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JOJIKHO TNPOU30ATH OGECKOHEeYHO MHOr0 CTOJKHOBEHHH, a B XO-
pOMIO CHPOGKTHPOBAHHON pellleTKe HEHTPOHH OyAyT HOrJIOLLATHCS
ypaHOM Mocje CPaBHHUTENbHO HeOOJbUIOro YHC/Aa CTOJKHOBEHHI.
B pesyabraTe 3HEpPreTHUECKHH CNEKTP HeHTPOHOB CTAaHOBHTCHA upes-
BLIYAfHO CJIOXKHBIM, @ HX CPENHsSIs 3Heprus OCTaeTcs 3HAYUTENbHO
Boilie %/pRT. Bosiee Toro, naxke 3Ta cpelHsis 5HepTHs B Pa3JIHUHBIX
Toukax pelleTku OyaerT pas3HoH. Ha peasibHoe pachpenesnenne 3Hep-
THH OKa3blBaloT BJAHsHMe NoIvIomaiollas M 3aMefsioilas crnocob-
HOCTH MaTepHaJda. ITocaeHsiga B CBOIO O4epeib 3aBHCHT OT aTOMHOIO
Beca 3aMeAnaHTeNs1, oT 3(Ppdekra PepMH — BAHAHHA XHUMHUECKOH
CBA3¥ Ha paccesHHe HeHTPOHOB — M OT KPHCTAJJIHUECKHX CBOHCTB
3aMejJIMTe/s, NMPUBOAAIINX K 3HAUUTENbHOH AHU3OTPONHH €ro A1
paccessHHbIX (IIPeJOMAEHHBIX) HEHTPOHOB.

EAUHCTBEHHYIO Cepbe3HYiO MOIMBITKY ydecTb 3TH (DakTopbt (ecau
HE CUHTaTh paccesHus HEHTPOHOB Ha KPHCTAJNaX) HOPEINPUHSAIH
Teasep u ero corpyaHHKH, ri1aBHbIM o6paszoM Merpononnc u Mop-
pucod. Bosee crporas, Ho CyllecTBeHHO 0ojee ¢opMasabHas MOMBIT-
Ka, NpeAnpUHsITas HeCKOJbKO NO3AHee YHJIKHHCOM H MHOH, He BHec-
Ja KaKuX-Jubo 3aMeTHbIX H3MEHEeHHH B KaueCTBEHHYIO KapTHHY
sBjenusi. Ha 3acepanuu, cocrosiBlleMcs B ueTBepr, Buk yxke no-
KAajaplBaJ o cBoell pabGore naj atoi npobsemofi. Pesyarrats! Tei-
Jepa MO3BOJUAY, N0 Kpalineli Mepe NPUGAHIKEHHO, OLLEHHTDb Pa3HOCTD
3(heKTUBHBIX TeMmepaTyp HeHTpOHOB H 3aMmednureqas. W Bce ke,
HECMOTpPsl Ha BCe JOCTHTHYTHle YCIeXH, Mbl W TIOHBIHE JaJIeKW OT
a/leKBATHOTO 3HAHHS IHEPTEeTHUECKOro CHeKTpa HeHTPOHOB B siep-
HOM peaKTope.

Bnpouewm, npo6ieMa BBIUHCIEHHA [ OTHIOAb He NIPOCTa H B TOM
c/yuae, eCJd SHepPreTHUecKHH CHEeKTP HEATPOHOB H3BecTeH. DoJiee
TOT'0, BbIYHC/eHHe [ OCTaeTcs YPe3BBIYAHHO CHIOKHBIM, Ja)Xe ecaH
MPEe/NONOKNTh, YTO BCe HefiTpOHBl 00/1afal0T OJHHAKOBOH 3Hep-
rueit. [lpuunga TaKoro NMoMOXKeHUs 3aK/aiodaeTcas B TOM, 4TO OOBIU-
Hoe aud¢y3uosHoe NpUOJMKEHHe COBEPIIEHHO He COOTBETCTBYET
JefictBurenbnocti. Hamnbosiee TouHble pacuyetsl AMDPY3HH MOHO-
SHepreTHYecKux HeNTpOHOB npoussen Ilnauek. HekoTopnie H3 ero
pe3yJapTaToB ObLIM TOJYYeHbl TaK#ke HeMeUKHMH M HTaJbAHCKUMH
TeopeTkaMu ¥ ony6aukoBaubl [6). Hawma paGora B 3ToM HanpagJe-
HUH Besach 06e3 0co60ro ycepiHusl ellle H MOTOMY, YTO MbI CAMIIKOM
SICHO CO3HABAJH HeaJeKBATHOCTb MOJE/IH, B KOTOPOH HeATpPOHH! pac-
CMAaTpHBAJAHChL KaK MOHO3HepreTHueckne. B HacTosllllee BpeMs MBI
pacnojiaraeM JAaHHBIMH, HOATBEPXKIAMOIHNHMU MNPABUIBHOCTH 32aMme-
yaHuil [lnaveka o nmpubJnKeHHOM Xapakrepe HalUHX IHQPQPy3HOH-
HbIX ypaBHEHUH.

OcoGoro pasauyns Mexay 3p¢peKToM BAHSHHA XHMHUYECKOH CBS-
31 Ha paccesHHe HelTPOHOB B KOHeUHOH H B 0eCKOHEYHOH pelleTkax
He cyuectByer. UTo e KacaeTcsi BEPOSTHOCTH p TNpeBpalleHHs
HeATpOHA C 3HEPTHed, JIHIIb UyTh MEHbLICH NMOPOra JAENEHHA, B TenR-
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JIOBO¥ HEATPOH, TO B KOHEYHOH pelleTKe OHA MeHblle, 4eM B 6ecKo-
HEUHOl: MOMHUMO 3aXBaTa sIIpaMH ypaHa, HeKOTOpble HeATPOHL Oy-
IyT HOKHAAThL KOHEUHYIO PeIUeTKy 3a cuer «yTeukn» (Iuddy3nu)
u3 Hee. DTa yreuka Oblaa paccuuraHa PepMHm M ero coTpyaHHKA-
v [7, 8] eiiie po TOro, KaK ObLJIO OTKPLITO AesdeHue ypana. s Ko-
HEUHOH pellleTKH OHH MOJYUHJIH BEJIHUHHY

Pspp = P eXp (—1%%), (2)

rie T—1/s cpelHero KBajpaTa PAacCTOSIHH MeXKIY TOUKOl Oecko-
HEUYHOH pelleTKH, B KOTOPOH HEATPOH poxKAaeTcs, H TOUKOH, B KOTO-
pOil OH CTaHOBUTCS TemMOBBIM. K 06CYKIeHHIO BeNMUYHHBI %2, paB-
HOH OTHOIIEeHHI0O —An/n, TAe N — NIOTHOCTb HEHTPOHOB, yCPeIHEH-
Hasl 10 siueiike pelleTKH, MBI celidac mepefizem.

Uz dopmyanl (2) sicHo, 4To 3 deKTHBHOe 3HAUCHHE BEJHYHUHBI p
MeHbllle ee 3HAYEHHUS NPH NOCTOAHHOH TJOTHOCTH HEATPOHOB 7 B
6eCKOHEUHoH pelleTke, T. €, MpH % = 0. YTeUuKa 3aBHCHT OT «BO3-
pacra» HeHTPOHOB T, KOTOPHIH, B CBOIO ouepelb, PacTeT C yBeJHYe-
HHEM Ccpefredl IJIMHBI CBOGOJZHOrO mpofera HeHTPOHOB B 3aMe/lu-
TeJle W YHCJa CTOJKHOBEHHH, HeOOXOJUMBIX AJS 3aMe/eHus Heli-
TPOHOB [0 TeMJOBHIX 3Hepruil. CienoBarebHO, BelHYHHA T HUMeeT
HaWMeHblllee 3HAUEHHe IJIs pPeakTopa ¢ BOASHBIM 3aMeNJuTe]eM H
HaMHOro GoJibliiee 3HAUeHHe AJAs peaKTopa ¢ TPadHUTOBLIM 3aMe-
JIATEJIEM.

[Topo6HO TOMY Kak BCJIeACTBHE YTEUKH [JOJ5 HEATPOHOB, 3a-
MeMJIAEMBIX A0 TEMJIOBBIX 3HEPTHil, B KOHEUHOH peuleTKe MeHblle,
yeM B OeCKOHEYHOH, [0J5 HeHTPOHOB, NOTJIOIIAEMBIX YPaHOM, TaK-
ke yOGbIBaer 1M3-3a BbleTa HEKOTOPHIX TeMJOBLIX HENTPOHOB H3 pe-
aktopa. CooTHOIlIeHHe, AHAJOrHUHOE (2), HMeeT BUA

Fopp = (1 + Lyn®) ™" (3)

Bennunna » B dopmyse (3) HMEET TOT ke CMBICT, uTO U B (2). Be-
JIMUHHA Lf, aHaJOrMyHa BeJHuHHe T B opmyae (2), T. e. Bozpacry
HeTpOHA: OHa paBHa !/s CpelHEro KBajapaTa pacCTOSIHHE MeX1y
TOUKOH GecKOHeyHOH pelleTKH, B KOTOPOH HeHTPOH CTAHOBHTCA Ted-
JIOBBIM, W TOUKOH, JO KOTODOH OH ycreBaeT NOHTH, Npekie ueM Gy-
Jet morJoilen. Bemwuw#a L, HasbiBaercs aAuGY3MOHHON AJHHOMN
TENJOBHIX HEATPOHOB B [AHHON peHleTKe MOTOMY, YTO B 00JaCTH, rie
TeIIOBble HeHTpPOHbl He 00Pa3yIOTCA, N IKCIOHEHIHAJNBHO ClAfaeT
Ha paccrossHuu Lp:

n~exp(—x/L,). 4
[Tnacc B paGore, BO MHOroM MNepeKAHKaiomieics ¢ paboroii Bap-

nuHa [9] o BOMHOBHX (QYHKUHAX B MeTaJiax, IOKasad, yTo BhIpa-
KeHHe

Ly=Ln(1—}) ()
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naeT OYeHb Xopoluee npubaHKeHHe nasa Lp, ecan nox L., nonumats
InbPysHOHHYIO ANHHY B YHCTOM 3aMelJurene Ge3 ypaHa.

YcnoBue, uTo peliieTKa MOXKET MOANEPIKHMBATL UENHYIO PEAKUUIO
B CTallHOHADHOM peXHMe, HMEeT BHI Rypgp = 1, T. €.

kapp = EPagaplspen = L. (6)
[oncrasass B (6) pagpo ¥ frpp U3 (2) u (3), nonyyaem
epfnexp (—m?) (1 + Lf)oﬁ)“1 =1,

WJIH, €CJIH BOCNO/Ab30BAThCA COOTHOMeHueM (1),
ko= (1 + L2x?) exp (m'c?). )

310 BbipakeHHe 3KBHBAJEHTHO TOMY, KOTODOe paHee OBLIC MMOJY-
yeno Pepmu.

[Tocsaennee COOTHOUIEHHe MOMKHO pacCMAaTpuBaTh KaK ypaBHe-
HHE OTHOCHTEJIBHO . JTa BeJHUHHA, KAK Mbl YBHIHM, 3aBHCHT JHIIb
oT pa3MepoB u Qopmel peaktopa. CieloBarenbHo, COOTHOLIeHHE (7)
JaerT HaM pasMepbl peakKTopa, ecyu ero (opMa U BHYTPEHHSA CTPYK-
Typa, B YACTHOCTH ero KO3 OHIUEHT PasMHOXeHHS OeCKOHeYHOfi
pelieTKH Ry, 3a]aHEL.

Cps3p MeXAy BeJHYMHOH % H pasMepaMu u (OpMOH peakropa
onpezeaseTcsl KIaCCHYeCKUM ypAaBHEHHEM

An+x*n=0. 8)

CpenHsis mJIOTHOCTh HEHTPOHOB A, MOMUMO ypaBHeHus (8), noa-
JKHa YIOBJETBOPSITh KpaeBOMY YCJAOBHMIO: 00paiiarbCsi B HYJb Ha
BHEIHUX rpaHunax peakropa. MsBecTHo, uro KpaeBas 3ajaua AJs
ypaBHeHus (8) ponyckaer pelleHHs JHIIb IIpH ONpeflesJeHHBIX IH-
CKPETHBIX 3HAUYEHHAX %2, 3aBUHCALMX OT pasMepoB H ¢GopMbl o6aa-
CTH, Ha rpaHHlle KOTOPOH IJIOTHOCThL n A0JXKHA o0paulaThCs B HYIb,
T. €. OT pa3MepoB H QopMbl peakropa. JIMIIbL NpH HauMMeHbLIEM H3
BCeX BO3MOXKHBIX %2 cpeAHsI NJIOTHOCTb HEATPOHOB A BCIOAY IOJO-
JKUTeJIbHA, ¥ MMEHHO 3TO HaHMeHbllee 3HaueHue x* U BXonuT B (7).
YpaBuenune (8) comocrabaser 3QQPeKTHBHOe 3HAUEHHe %! KaxIoMy
pasMepy H Kaxnoil ¢opme peaktopa, a (6) mokaselBaeT, Kak 3TO
3¢ deKTHBHOE 3HaUeHHe BJaHAeT Ha 3()(QeKTHBHHIN KO3 pHHHeHT pa3-
muoxenusi. Eciu snavenue » JAjsd peakropa, noaydalomleecs H3
ypaBHeHH (8), MeHblle pelleHMsI ypaBHeHHs (7), TO peakTop Ha-
XOJHTCS B IIOJKPUTHIECKOM COCTOSIHHH, ero 3¢ desTHBHHIH Koaddu-
IIHEHT pa3MHOKeHHs MeHplle !. EciM e pemeHue ypaBHeHus (7)
fosblle 3HAUEHUA %, YAOBJETBOPAWOIIETO ypaBHeHHlo (8), TO peak-
TOp HAAKPHTHUEH.

Bxojwumas B (8) BEJHUHHA N 03HAUAET CPEeNHIO0 IVIOTHOCTH Hel-
sm@yn‘ﬂal{ycpeﬂﬂeﬂne NPOU3BOAHUTCA IO SJIeMeHTapHOH Aueike).

' »T9. ypaBHeHHe (8) AJA TaKoil CpeAHEd BEJHYHUHBI MOXKET

\
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6bITh TOUHBIM JIMIIbL B TOM CJy4ae, eClH 3TO CpejiHee NIPH Mepexoje
OT OfHOH fueHKH K JPYroi MeHseTCs He CaAUmKOM OblcTpo. CBsA3b
cpelHeH NJIOTHOCTH n U3 ypaBHeHHS (8) C MCTHHHON MJOTHOCTHIO
HeHTPOHOB AaHAJOrWYHA CBA3H MAKPOCKOIHYECKON IIJIOTHOCTH TeJ
¢ #X GbicTPO QAYKTYHPYIONE! MAOTHOCTBIO, ONpeeAsieMofi aTOMHOH
CTPYKTYPOH TeJ. DTHUM H OOBACHSETCs, [OYeMy TeOpHsl ypaBHe-
Husa (8) mosyussa Ha3paHHe MAaKPOCKOMHUYECKOH TeOpHH DeaKTopa,
B TO BpeMsi KakK BeJHUHHBI, BXOIsfllHe B cooTHoweHus (1)—(7),
OTHOCHTCS K MHKPOCKOTHYECKOH TeOpHH peakropa. B zeficTBuresnn-
HOCTH e ypaBHeHue (8) — 3T0 JHIIL CaMoe NPOCTOe ypaBHEHHe
MaKpOCKONHIECKOH TEOPHH peakTopa; OHO MPHUMEHHMO, ecld TNpo-
CTpAHCTBEHHble BapHal¥H IJIOTHOCTH HEHTPOHOB He 3aBUCHAT OT
3Heprud. BaxHOCTb 3TOr0 YaCTHOrO CJyduasl He NOAJEeXHT COMHEHHIO,
HO ofIas cuTyalusl coBceM HHasd. Hampumep, peryaupymoiiue crep-
’KHH TIOTJIOIAIOT B OCHOBHOM HEHTPOHBl C MaJioli 3Heprueil — Temnso-
Bble HEATDPOHBI, II03TOMY MOBEPXHOCTb DErYJNUPYIOIIEr0 CTepXKHA
SBJISIeTCS] TPaHullell, Ha KOTOPOH MJOTHOCTh TEIJIOBBIX HEHTPOHOB 06~
pauiaercs B HYJb. [1J0THOCTb Xe GLICTPBLIX HEHTPOHOB HA NOBEPXHO-
CTH PETyJUPYIOILEro CTePXKHs B HYJAb He ob6palnaercs, ¥ NpOAOPLUO-
HAMbHOCTb MEXKAY NJIOTHOCTAMH OBLICTPHIX U Me[JIeHHBEIX HeHTPOHOB
napymaercs. PeilleHne nofoOHbIX TpobJjem Tpebyer NpUBIEUCHUSA
ypaBHeHull, Gojiee CIOXKHBIX, YeM ypaBHeHHe (8). Haubonee Baxk-
Hble pe3yJbTaThl B pelIeHHW TaKUX NpobjaeM npHHaijdexar Ppuz-
many, BelinGepry u Yunepy.

Psii HHTepecHBIX 3a7au BO3HMKAET W B CBf3U C NPOCTBHIM YypaB-
wenueM (8). Ecau ¢dopma peaxkropa nocTaToOuHO CMOXKHa (a B ciay-
uae, ecad JeJsINACA MaTepuas KHUAKH, 3TO NOYTH Heu3OexKHO),
TO pellleHHe ypaBHeHUs (&) yAaeTcsl NMOJYYHUTb TOJbKO METOAaMU
Teopud BO3MyleHHH. Hekoropole M3 HHX OOGHapyXHBAaKOT 3aMeua-
TeJbHOE CXOJACTBO ¢ MetodoM Pajes — Illpeaynrepa, ¢ KOTOPBIM MBI
3HAKOMBI MO €r0 NpUMeHeHUsM K KBAHTOBOMeXaHHUYeCKUM 3ajayaM.
MHOrHMH HHTepeCHBIMH pe3yJbTaTaMH, OTHOCAIIHMUCH K ypaBHe-
uuio (8), Mbl 06s13ansl Mioppelo, Hopaxeiimy u Cynaxy.

3HauuTeNbHAasl YacTb paboTel, NpPOAeNAHHOM B 3TOM HamnpasJe-
HUH, CJHUIIKOM CNeNHanbHa, yToObl § MOT BXOAHTb 3[eChb B JETaJH.
O nmpyrux pesy/bTaTax paccka)kKyT B CBOMX BHICTYIJIEHUSIX CJlIeLylo-
Iue JOKJAJUYHKH, MO3TOMY S 3aKOHUY Ty 4acTb Moero 063opa, Ko-
TOpasi OTHOCHTCA K BBIYHCJIEHHIO KO03(()HUUHEHTOB Pa3MHOXEHHUS H
KPHTHUECKHX pa3MepoB, HO Mpexie a4 xoTea OBl NOAUYEPKHYTh, 4TO,
0 MOeMy MHEHHIO, OCHOBHYIO 4YacTb PaboTHl ellle NPEACTOHT OpO-
JdenaTb. B dacTHOCTH, NMOBeJeHHe TENJOBLIX HEHTPOHOB B peakTope
U nepexon OT GOJIbIIHX HEPruil K TElJIOBBIM TPeGYIOT HalbHeHIuero
YTOUHEHHA KaK C HKCINEPHMEHTasbHOH, TaK W C TeOpEeTHUeEKol CTo-
poHbl. He MeHee uuTepecHBle geTaju Bce elile KAYT cBoel paspa-
60TKM M B OCTaJBbHBIX YacTsiXx TeopuH. MMerorca takxe pe - mapric
npobJieMbl, yxe NPHBJAeKIIHe K cebe BHUMAaHHe, KOTOPBIE ..
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He yroMsHysa B cBoeM o03ope. ['naBHAst M3 HHX — H3MEHEHHE IJIOT-
HOCTH HeATPOHOB CO BpeMeHeM B TeX Calydyasx, Korja ypaBHeHus (6)
# (7) BBIUIOJHSIOTCS JHIOb NPUOJHKEHHO, 8 peaKTop JAubo MOXKpH-
THUEH, 1100 HagKpHTHUeH. B 3710 oOmactu ocoGeHHO AKTHBHO pa-
6oranu Kpucru, Hopaxeiim u Yuakusc.

ILEVICTBUE PAIMAIIMM HA BEWIIECTBO

[MaotnocTn papumanuu (MMeercss B BHIAY KaK y-H3JydeHHe, TaK W
HeUTPOHHBIE MOTOKH) BHYTPH peakTopa, lpelHa3sHayeHHOro AAd MO-
Jyd4eAus IUIYTOHHS, BBIllle, UeM YZAaeTCs MOAJEDXKHMBAThb BHE peak-
TOpa B TeYeHHe MNPOJOKHTENBHLIX NPOMEXYTKOB BpeMenH. [leit-
CTBHe 3TOH pajWaluM Ha CTPYKTYpy MAaTepHaNoB OBLIO OJLHOH u3
IIepBBIX 3aja4, KOTOpasl 3aMHTepecoBaja Hac C TEOPETHUECKOH TOu-
KM 3peHHs. DKCIepPUMeHTAJbHbIE HCCAELOBAHHSI TPOBOAMJIHCL XH-
MHUUeCKHM oTZeaoM. Ha ceccun AmMepHKaHCKOro XHMHYeCKOro obime-
cTBa B ATMaHTHK-CHTH DB3pTOH DOJOXKHI CBOW pe3y/bTaThl B 3TOH
o6aacTy, a Takxe paboThl CBOMX COTPYAHHMKOB M JoKTopa Ppanka.
M3 TeoperukoB MOIl HHTepeC K paJHALHOHHBIM [OBPEeKIEHUSM Ma-
TepuaJoB (0 HEKOTOPHIX acCHeKTax 3Tof NpobJjeMaTHKH MBI He MO-
XeM I'OBOPUTh OTKPHITO M NOHBIHE) pa3fensau [oannbeprep, Maa-
JUKeH U 3eATL.

slcHo, uTO CTOMKHOBEHHE HEHTPOHOB € aroMaMH JIOGOro Belle-
CTBa, OMEIIEHHOr0 B PEAKTOP, IPUBOAUT K CMEILEHHIO aTOMOB 3TOTO
BellecTBa. Ecau BemecTBo npeAacrtaBJasieT CoDOM HEKOTOpoe CJa0XK-
HOe XHMHYECKOe COeJHHEHHEe, TO CMelleHHe €ro aToMOB BbLI30BeT
H3MeHeHHEe XMMUYECKHX CBOHCTB coeldnHenHs. Taxkue sBjaeHust 6blIH
OGHApYyXKEHBl H UCCJAEOBAHbl ellle O HOSIBJEHHSI AePHBIX pPeaxTo-
poB. VMx o030p npuBenen, Hanpumep, B Kuure Jlunpna [10]. B peak-
TOpe BCJAEACTBHe OOsblied MHTEHCHBHOCTH pagHalliM BCe 3TH H3Me-
HeHHsl [pOTeKaloT HaMHOro 3aMerHee. CJaenyer oOXHLaTb, 4TO
CTPYKTYpa Tes 3JEeMEeHTapHOro XHMHYECKOI'o COCTaBa TakKke Gymer
MOJABEPraThCsi H3MEHEHUAM MOJ AeHCTBHEM H3JydeHUsT. TOT BONPOC
rnpeigcTaBJ/aseT GoJblION HAYUHHIA HHTepeCc MOTOMY, YTO C MOMOIIBIO
'MOILIHOI PajHalHy BHYTPH PeaKTopa Mbl MOTJH Obl HCKYCCTBEHHO
C03/1aBaTh ONpejeleHHOe 4YHCJIO0 JedeKToB M H3ydaTh (TpebyeMoe
TeopHell) BJHSIHHEe WX Ha TeIJIO- U 3JEeKTPONPOBOLHOCTh, Npele
POYHOCTH, IUIACTHYHOCTL U T. 4. MOXHO HafesiTbCst, UTO HCCAELO-
BaHUS TBEPJABIX TeJ, B 0COOEHHOCTH CBOHCTB, 3aBHCHIIMX OT CTPYK-
TYpH, OYAYT B 3HAYHTEJNbHOH MeEpe CTUMYJUPOBAHbl TEMH JIOMOJHH-
TeJbHBIMH 3KCIIePHUMEHTaJbHBIMH BO3MOXKHOCTAMH, KOTODBIE OTKPHI-
BaeT [epei HaMU SIAEPHHIH peakTop.

Ewe mo Toro, xak Oymer HafiieHa oKoHuaTejbHAs HHTeplpera-
Uysi. 3KCIepPHMEHTaNbHBIX pe3yJbTaToB, HAllu 3HAHHA pagHycos
HH3KOHEPreTHUeCKHX HOHOB OyAyT 3HAUMTENbHO pacIiMpeHsl. DTHM
BOIIPOCOM 3aHMUMaJuCh B OCHOBHOM [onabeprep u 3eiity. Doabinas
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YaCThb OCTa/JbHOA Hallefi paGOTHl CBOAMJIACH K YHCTO YMO3PHTEJb-
HbIM [OCTPOEHHAM. Dyayiue 3xkcnepuMeHTH J1HGO MOATBEPAAT HX
NPaBUJIBHOCTD, JINGO ONMPOBEPTHYT.

TEOPETMYECKASA ®U3HKA

Kak 51 y:e nopuepxuyJ, TeopeTHueckas Gpu3uKa B Hallell rpynme
BCerjia HaxoJuaach Ha MNOJOXKeHHH najpdyepHubl. ITogpo6uyio curtya-
IUI0 BPST JIH MOKHO ONPaBJaTh TeM, UTO HA HAC GbLAM BO3JIOMKEHH!
MHOTHe oOpeMeHuTe N bHble 063aHHOCTH. MBI IbITAJIMCH 110 BO3MOK-
HOCTH OCBOOOAUTH JlaHKOBa OT CPOUHOH TeKylllell paGoThl, H OH BBI-
MOJIHUJ PSA HCC/IeJOBaHUN, NPeACTaBJSIOMUX o0Wui nurepec. Mo-
’KHO Ha3BaTh ellle JHUIIb OAHY OOS3aHHOCTb, KOTOpOi MBI HHMKOrZA
He JlaBaJ/id OTXOJHUTb HA BTOPOH MJaH, — NMOAAepxKaHue Tab/aul] Agep-
HBIX KOHCTAHT Ha YpOBHe MOC/eJHHX JOCTHXKeHHH. D1a 0643aHHOCTD
Obl1a BO3/IOKEHAa Ha MUCCHC YumsiMaja. Boabmyio nmomormup el oka-
3piBas MHGQOpMalLMOHHBIA OTZen Haulero NPOeKTa, W B Y4CTHOCTH
[onacMur, BHecHIHA B cocTaB/ieHHe TAOJML NOUCTHHE HEOUEHHMBIN
Bknaja. Ham Obi1o MPHATHO y3HATH, YTO HAIIM TaGJKIbB KOHCTAHT
BCKOpe OYJAYT YaCTHUYHO ONyGJAHKOBAHHL.

Teopernueckre paboTbl Halllel TPYANBI MOXHO pasleluTh Ha
ABe KaTeropuu: NoMoUlb B 00paboTke M IJIAHHPOBAHMH KCNEDH-
MEHTOB M cOOCTBEHHO TeopeTndecKyio pabory. K nepBoil kareropuu
oTHocATcst paborsl Kana, IllBefinnepa, Belin6epra u apyrux mno tak
Ha3bIBAEMOMY peaKTOPHOMY OCHUJIIATOPY — NPUGOpPY, HO3BOJAIO-
lleMy IPUBOAUTL B KoJe6aTelbHOe ABHMIKeHHE IOMeleHHBI!I BHYTPb
peaxropa ofpasel NOIVOTHTe/s] HEHTPOHOB ¢ H3BECTHBIMH WJIH He-
U3BECTHBIMH xapakrepuctukamu. KoseGaHus mnorsiotuteds HeHTpo-
HOB MOIYJHPYIOT HHTEHCHBHOCTb HEHTPOHHOrO IMOTOKA. ITU MOLYJIs-
MM aHAJOTHYHBl TEMIEPaTypHBIM BOJHAM, PAaclHpOCTpaHAIHMCSH
B 3eMiie BCJAEACTBHE CYTOUHBIX H FOLOBBIX GJAYKTYaluil NPUTOKa Tel-
Jia K ee MOBEpPXHOCTH. AMIJuTYIa W AJHHA BOJHB MOAYJASLUI MO3-
BOJIAIOT BBIYHC/IATD XapaKTEPHCTHKH OCHUJJIHPYIOUIErO MIOIJIOTHTENS
HEATPOHOB U CBOHCTBA CaMOTO peaKTopa.

FonpGeprep u 3efiTi, MHOrO BHUMAaHHA yAeasau nudpakuuy Hel-
TpoHOB. OHH HHTEPIPETHPOBANH M 3HAUUTENBHO pACIIHPHIH pe-
ayabraTthl BefiHmiToka [11] n yuin B CBOeil TeOopHM siBJIEHHS, KOTO-
pPHIME 10 HHX npenebperanu. Mx paGory nmponoaxun B IIpuncrone
Momunckuii ).

B KkayecTBe mocjaeqHero npuMepa e xoTea OB YIOMSIHYTH pa-
6ory JlaHKoBa 0 KOPOTKOAEHCTBYIOWIMX «@-4acCTHUax. Dta pabora
Oblla Hauyara H3-3a HEOOXONUMOCTH pelMTb HEKOTOphle OCTpbie
npo6JemEl, KOTOpble K TOMY BpeMeHH, Korja [laHkoB NpHCTYHHJ

'y Ha sacepasny Pusuyeckoro ofmwecTsa MO 3THM BONPOCaM BHICTYNHJH
3eiiti u Coagbeprep,
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K cBoedl pa6ote, Gbliiu npaxtuueckH 3a6bThl. [LlaHKoB 3amerus, 4To
HHTEHCHBHOCTL KOPOTKOJEHCTBYIOLIHX «-YaCTHL 4YacTo NPOTHBOpE-
gur Teopun I'amoBa [12], cormacHo KoTOpO# HOCHe BhIETA o-4a-
CTHIB OCTaTOYHOE SIAPO JOJIKHO HaxOAHTbCsS B BO3OYRIEHHOM Co-
crostnuu. JLlaHKOB HCCJIeqoBad HeKoTopble APYTHE MEeXaHH3MBI, CpeaH
KOTOPBIX OCOGEHHO BAXKHO BO36y:KAeHHe OCTATOYHOTO A/pa o.-4acCTH-
uefl yxe nocle MPOHMKHOBEHUS ee uepe3 IOTeHUHalbHBIH Gapbep.
HoBrili uHTEpec X 3TOMYy B InocjiejHee BPEMs npolGyauicsa 1mocie
skcnepumentoB Yana [13]. Uan nesapucuMO OTKPBLT MexaHusm [laH-
KoBa ).

1 He xoren Obl 3aKOHUHTL 0630p paGoT HALleH Tpymnbl, He BHI-
pasuWB MOeil HCKpeHHel 6sarofapHOCTH BCEM €€ ujeHaM 3a HX ca-
MOOTBEDXKEHHOE H JIOSIIbHOe COTPYAHHueCTBO. $I xoren Obl H3BH-
HHTbCS Nepell TeMH, ubH PaGoThl, Moxer ObiTb, He OblIH OLEHEHbI
MHOH MO AOCTOMHCTBY. Kak s yxxe rosopuJl, MBI CTAaBHJIH TepeJ Co-
60li BecbMa KOHKPeTHYIO [IeJlb Ha MPOTAKEHHH BCero mepuopa Ha-
el COBMECTHOH AesITeNLHOCTH, H HauboJie€ BAXHbBle M3 PelleHHBIX
HeKorja 3ajady He BCerja KaxyTcs 3acayKHBAIOIHMH yNOMHHAHHA
tenepb. Kak 6bl To HH GbuIo, B mpouecce paboThl Mbl CTOJKHYJHCH
CO MHOTHMH HHTEDEeCHBIMM npobjgeMaMH, H HEKOTOpble U3 HHX, He-
COMHEHHO, 3aC/]yXHUBAIOT najbHeflmero ucCnenoBanus. PasHoobpa-
3Me 3THX MNpo6JeM M COXpaHEHHe BAaXKHOCTH MOCTABJIEHHOM mepel
HaMH leJin B HeMaJIOH Mepe cnocoOCTBOBATH CEPAEYHOCTH OTHOILe-
Hufl, CIOXKHBIIUXCA B Hallleld rpynne.
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JEVICTBHME U3JYYEHHUSA HA TBEPJBIE TEJ/IA!Y)

B Te GecriokoliHble JHH, KOTJa YyYeHble-aTOMIIMKY CTPOMJIH IHep-
BHHl peaktop B Merannypruueckoil sa6oparopud Uukarckoro yHu-
BEpCHTETa, UX 0co6eHHO BOJHOBAJ OJMH BONPOC: Kak OyAeT AeHCTRO-
BaTb Ha peaKTop ero co6crBennas paaunanus? B Goabluncrse apy-
rux npobjieM — OLleHKe KPUTHUYECKHX YCJAOBHI AJSI CO3MaHHs LENnHOok
peakuwy, yopaBJeHHH, 3alIuTe, OXJaXKACHUH — QUK ObliH a6co-
JIOTHO YBepeHbl B CBOHMX pacueTax, HO BONPOC O paaualiud Oblji 1a-
Jeko HesiceH. Mul 3HanW, 4TO Aaxe IOJA AelcTBHeMm ciaaboil ecre-
CTBEHHOH pagHOaKTHBHOCTH CTPYKTypPa M CBOHCTBA MAaTepHAJIOB
MOFYT H3MeHSITbCA. UTO Ke CAYUYHTCS ¢ YPAHOBLIMH CTEPXKHSIMH B
peakrope moj AeHACTBHEM Pa3pYLIMTEbHLIX CHJ HHTEHCHBHOTO Heil-
TPOHHOTO H3JYUeHHs, IPH JeJeHHH saaep U T. 1.7 Eme Gosee cepbes-
HbIM OB BONPOC: YTO NPOM3OHIAET C IPaHTOBBIM 3aMeJHTENIeM?
I'paduT BXOAUT B OTBETCTBEHHbIE jeTaJH peaKTopa. B oTJHuHe OT
ypaHa ero Hesb3si BpeMsi OT BpeMeHH BbIHHMAaTbh M 3aMeHSTb, H MBI
3HaJIH, YTO PAJMAIUS BLI3BIBAET B HEM NOBPEKJIEHUS,

Ipynna, 3anuMaBuIasics BONPOCAMHM <«3[0POBbSi» Hamero Gyay+
I[er0 aTOMHOTO «JIHUTSATH», 6bl1a HACTOJbLKO HEe YBEpeHa B CHOCOGHO-
CTH peakTopa MEepPeHOCHTb pafHallHIo U Apyrue «6Ojie3HH», YTO pac-
IeHHBAJIa ero IAHCH XBBIXHTb» JOBOJBHO NECCHMHCTHYHO H B CBOEM
Hokmajne coobunana: «Beio 661 aHTHHAYYHBIM OLEHUBATH MOJE3HYIO
NPOLOKHUTENbHOCTh }HU3HH peakropa cBhillie 100 prefi». B nacros-
Ilee BPeMst STOT NMEPHOA NpeB3oHIeH yxe Gosee ueM B 50 pas H
HOYTH BCe PEaKTOpPHl INepBOro MOKOJEHUSA XKUBBI U GJaTONONYYHO
pa6otator. Uro HaM OBLJIO COBCEM HEH3BECTHO B TO BpeMs — 3TO CIIO-
cobuocTb rpadura (Aa W MeTasyia) BOCCTAHABJMBATHL CBOM pajHa-
UHOHHBIEC MOBpEXK/IEHUS,, TAK CKas3aTh «3aJeunBaTh paHul». Tem He
MeHee AEHCTBHWe pajvalMd Ha TBepAble TeJa M MOHBIHE OCTAeTCA
BaXKHOM 3ajauell, OTHUMAIONE! MHOTO CHJ M BpeMeHH. DTO IJIaBHas
npoGaeMa, KoTopasi BO3HHKaeT NPH CO3RaHuWH peakropoB. [Tomumo
YHCTO NPaKTHUECKOTO 3HAUYeHHs, paMallHOHHble 3¢ (deKThl CTaJH LeH-
HbIM CDEICTBOM HCC/IELOBAaHHS BAXKHBIX CBOHCTB TBepAablx Ten. Hc-
caelloBaHHE pajMalMOHHBIX MNOBPeXAEHHH NPOBOJHTCS B HACTOsILEE
BpeMsi He TOJbKO B HallHOHaJbHbIX JaGopatopusx Komucchu no

) Cratbha Hanucana cosMmectso ¢ @, 3eittuem. Ony6nukosana s XKypHadge:
Sci. Amer., 195, Ne 2 (1956),
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atomuol sHepruu CIIIA, HO u B psiie YHHBEPCHTETOB H IPOMBIILIEH-
HbIX Jabopartopuil. HenaBHo 3Ta KOMHCCHS o6bsiBHIA O MOAMUCAHHH
BOCBMH KOHTPAKTOB Ha HNpPOBeleHHe TAKHX MCCJAeJOBaHHH Ha o6UIYIO
cymmy Oosiee 250 000 monsapos B rom. Ilporpamma u3yuenusi pa-
IManuoHHBIX 3 (eKTOB HempephBHO BO3pacTaer KaK II0 MacliTa-
6aM, TaK H [0 IHPOTe OXBATHIBAEMBIX MPOGIEM.

[Tonpo6yem pacckasaTb Koe-4TO H3 TOTO, 4TO Mbl y3HAJH O pa-
OWAUMOHHBIX [OBPeXIeHUAX B TBEPABIX Tejax. Meraaasl u Hewme-
TaJJbl Ha OelcTBHe 0G/JyueHHs pearHpyilr no-pasHoMy. Paccmor-
pUM cCHauajga paguanuoHHble 3¢ dexkTsl B HeMeradde — rpadure
(KpHCTAJ/IHYECKOM YIJepoZe), OOBIYHO IPUMEHSIEMOM B peakTopax
B KavecTBe 3ameanutens (our. 1). Hefirponnl, BricBoSOXK Aat0mMMecs
IpH AeJIeHHH ypaHa B peakTope, 0671aJaloT KHHETHUECKOH 3HepTHel
oxosio 108 s8. Korpa GbICTpEIl HENTPOH CTAJKUBAETCsA C SAPOM aTo-
Ma yriepoja B 3aMelJ/HTese, OH IepejaerT 3HAYHTEABHYIO 0JI0
cBOell KHHeTHYeCKOH SHepruu 3TOMY aToOMy, W IOCJeNHHI OT yaapa
HCOBITEIBaeT orhauy. IToCKoabKy 3Heprust orfiaud atoMa yriaepojia
BO MHOT'O pa3 NPEBOCXOAUT IHEPTHIO CBSI3H, yIep’KHBAIOUIYIO €ro B
KpUCTAJNJIHIECKOH pellleTKe (NMocnennas menblie 10 38), aTom oka-
3bIBAETCS BLIOUTHIM M3 CBOEr0 OOBIMHOTO MojdoxeHud. B peayabrare
B pellleTKe BO3HHKAKOT cpasy ABa Jedexra: CMeUleHHBIH aToM pac-
nojlaraeTcs re-TO MexXJy y3JaMH pelleTKH (KaK yYacTHHK mapana,
OTCTaBLIUI OT CBOell LIepeHTH HJH ONEepelUBIUHI ee), a B OAHOM H3
y3J10B 006pa3yeTcsl BaKaHCHS.

To, 0 uem Mbl cefluac pacckasaJfu, — NPAMble [OCAEACTBUA CTOJ-
KHOBEeHHH Mexjy OLICTpBIMH HeHTPOHAMH M aTOMaMH B pelieTke.
Cawmu no cefe Takue CTOJKHOBEHHS OOYC/AOBAWBAIOT JHIL He3HAYH-
TeJILHYIO YaCTb BHIBBAHHBIX B rpadure paspyuwenuil. BulcTprifi Hell-
TPOH, TIpEXAe YeM CKOPOCTh €ro 3aMeAsauTcs o OesonacHol Besu-
YHHEI, yclleBaeT CTOMKHYTECA camoe Oosbliee ¢ 60 atoMaMu yrie-
popa. UMeHHO 3TU aTOMBI, CMEIAIOMIHEC CO CBOMX «HACHMKEHHBIX»
MecT TPH OTAaue, ¥ BHI3LIBAIOT OCHOBHble Pa3pyIIEHHs B pelieTKe.
OH# He TOJABKO 06J1aflaloT CKOPOCTBIO, HO W 3aHHMAIOT JAOBOJLHO
GoJIbIIOH 0ObeM. DHEPTHS OTA4YH NepBOTO aToMa yriaepoja, ¢ Ko-
TOPLIM CTAJKHBAETCA HeATPOH C 3HepTHel oxoJgo 106 38, cocrasiser
okoso 150000 3s. Takoii arom aeficTByeT, MOAOGHO CHIBHOMY, pOC-
JIOMY YeJIOBeKY, KOTODHIH BHE3amHO pellin BHOpPAaTbCsl U3 MepenoJ-
HeHHOTO BaroHa MeTpo: OH pasfpaceiBaeT Ipyrue aTOMBI HANPaBo
U HaJeBO IO TeX IOp, NMOKa He JOCTHIHET KOHLA CBoero npobera,
T. e. IIOKa ero 3Heprus He OGyAeT HCuepraHa.

OmnuceiBaeMast HaMM 1eNb COGBLITHHA, NPOHCXOAAILHX B MHPE aTo-
MOB, TauT B cebe OfiHy HeOXHAAaHHOCTb. OHa B KOpPHE HPOTUBOpE-
YUT BCEMY, YTO MOXKHO Oblo Obl OXHAAThH, €ClAU HCXOAHTh M3 aHa-
JOTHM CO CTONKHOBEHUSIMHM OOBIUHBIX HIApPUKOB: NPOTANKUBAIONIMICS
CKBO3b TOJIY APYTHX aTOMOB aTOM YIJIepOAa B KOHIEe CBOETrO MyTH
npousBoAuT Oojibuie pas3pyuwiennfi, yem B Hauane! [lapajgokc pas-

L



D ur. 1. depekth pelierkd, o6pa3yolldecs OpH CTOJKHOBeHuW HeHTPOHa ¢ KPH-
: CTaJJIMYECKUM I'padHuTOM.

FekcaroHasbHas CTPYKTYPa KPHCTaJJa CXeMaTHYECKH H3o06pa)keHa Ha IJIOCKOCTH.
a — HeHTpoH (uepHas TouKa) NPH coyJapeHHH CMEeCTH) OJHH aToM; 6, 8 — jfanbpHefliée pas-
BHTHE NPOLlecca, KOFJa H HEHTPOH M BLIGHTHIE UM ATOMB TPOAOJKAIOT BHIGHBAThL HOBLIE ATOMbI
pelleTKH (TpaeKTOpHS HEHTpOHA MOKasaHa CAAOWHOE JHHHUell, TPAEeKTOPHH aTOMOB — MYRKTUD-
HOIMU); ¢ — KOHEUHBIH Pe3yJbTaT: pellleTKa ¢ BaKAHCHAMH -H 3TOMaMU «BHEADEHHH»,
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pelllaeTcsl MPOCTO: MBI HMeeM 3/[eCh JAeN0 C MEXATOMHBIMH CHJIAMH,
a He C NPHBBIYHBIM CTOJIKHOBEHHeM MapoB. Korza ObICTPO ABHKY-
IHHACS aTOM HayHHAaeT CBOH CTpeMUTeJbHLIA Ger CKBO3b TOJNY OKpY-
KaIOHNX €ro aTOMOB, OH CTAJKHBAGTCS C KaXKJAbHIM H3 HHUX JHIIb
MUMOJIETHO W He YCNeBaeT nHepelaTb MM 3HAUMTENbHBIH HMIYJbC,
NO3TOMY BBIGHTE KaKOH-HHOYABL aTOM C 3aHUMAaeMOH UM B pelleTKe
HO3UIIHH HAll ATOM MOXKET JIHIIb cIydaiiHo. Eciu e myTemnecTByo-
M aTOM CHHIKAeT CBOIO CKOPOCTb, TO MeXKATOMHbIE CHJbI NOJYYaioT

dur. 2.

Kaprm—la paadanuuoOHHBIX TIOBpEXJIeHHAl pelleTKH ypaHa, NOMHMO ned)ex'roa, YXe H3BeCTHBIX

HaM H3 pPacCMOTPEHHS DPeleTKH rpadHTa, YCJHOXKHEHA MNOSBJEHHEM eLleé OJHOIO I OMOJHHTEb-

HOro (axropa. Hnoraa snpa ypaHa 3axBaThiBaiOT HeHTPOH, YTO NPHBOJHT K HOENEHMIO saep

ypaHa, IIpoayKrel ZeJeHHS MOryT BbI3BaThb ropasio GoJsice CHABHBle NOBpEXKJAEHHS DPeIleTKH,
YyeM NepBHYHLIE HeHTPOHEHL

Bce Gonabiie M Goablie BpeMeHM JJs AEHCTBHA, ¥ HAIl aTOM CIBH-
raer co CBOMX MecT Bce Oosblie M GoJsibliie aTOMOB pemleTkd. Ha-
KOHell, KOTfa ero CKOPOCTh MajaeT HHIKe ONpeleNeHHOTO npeneda,
OH Iepejaer OCTABHIYIOCH 3HEPrHIO0 TOH TpymIe aTOMOB, KOTOpas B
3TOT MOMEHT BCTpPEUaeTCsy Ha €ro myTH. B pe3ysbTaTe KPOXOTHLIH
y4acTOK pelleTKH BHE3aIHO pasorpeBaercd JO BLICOKOH TeMIepaTyphl
(unorza o 10000°C). Dto sABJIeHHE, HA3BIBAEMOE <TENJIOBLIM IH-
KOM» MJH <«NUKOM CMEUIeHHSI», JJWTCA BCero JHIIb OKOJO
1/100 000 000 cex, HO TeM He MeHee MOXKeT NPHBECTH K IOBpEeX-
JeHUAM Wid AedopMaluu Kpucrasania.

Dd¢exTh, CcOnpoBOXKAAIINKHE TEMJOBOA NHK, Ype3BblYalHO
CJIOXKHEL H TOKa ellle A0 KOHUA He NOHATH. [lo-BHAMMOMY, B Kpo-
XOTHOH «IHKOBOH» 06JacTH NpPOUCXONUT NJjapieHHe. JlaHHBe, CBH-
HIEeTeJNLCTBYIOIINE O MJaBJA€HHH, OBLIH NOJNYuYeHBl B 3KCHEPHMEHTax
1o 0GJYYeHHIO0 TIHATeJbHO NPHIOTOBJAEHHOTO CIJIaBa MeIH M IHHKaA.
ATtoMBl cniiaBa OblM PacIlOIONEHB! B y3/lax NPaBHIBHON peLIeTKH,
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B KOTOpPOH KaXXIblH aTOM MeAH OKpyKeH BOCEMbIO aTOMaMH LMHKA
u Hao6opor. BomGapaupoBKa cmiaBa HeATPOHAMHM NPOU3BOAHIACH
Npu HH3KMX TeMmuepartypax (BO/u3H TeMIepaTyphl XUAKOIO TeJIHA)
JJsl TOTO, YTOOBl «3aMOPO3HTL» JI06ble H3MeHeHHs B pemerke. [lo-
clelylollHe aHaJdu3bLl 110Ka3afdy, YTo paclofcKeHHe aTOMOB CTaJjo
X4OTHYHBIM, NpHYeM OOJbLIHHCTBO HapylleHHH NOpSAKa MPHLIJIOCH
Ha 06J1aCTH TEMJOBHIX MHKOB,

[Tomumo nnaB/ieHuss HarpeTble o6GJMacTH pacwupsioTess. Takoe
pasiyBaHue UX NPUBOAMT K JedopMaunusM KpUCTassa; HEKOTOpbIe
3 AeopManMil, No-BUAHMOMY, COXPAHSIOTCA H IOCJHe OCThHIBaHHSA
ropsaunx obsacredi. Takum o6Gpasom, Marepuasn BOKPYr TENMJIOBHIX
HKOB OKa3blBaercs Ae(OpMHPOBAHHBIM.

IToBpexkaenus, KoTopble HaHOCAT OOJNY4eHHOMY KpHCTaldly Ta-
KHe MHKY, OYeHp TPYAHO OTJHUYHTb OT MNOBpeXK/JeHWH, BHI3BAHHEIX
MPOCTBIM CMeEIlleHHeM aTOMOB. B Meransax nmuKH Kak HCTOUHHK II0-
BpEeXKAEeHHH HTpaloT, N0-BUAUMOMY, GoJiee BAXKHYIO POJb, YeM B rpa-
dure, moroMy uTo y 60see TAKeJNbIX 3J€MEHTOB aTOMb OTZaud 06Ja-
naioT GoJgbllell sHepruell, korga o6pasyloT MHKH, H, CJeJ0BaTeNbHO,
Ha TNOBpeX/JeHHs KPHUCTAJNIUYECKOH pelleTKH MOTYT 3aTpauHBaTh
GOMBLIYIO OJIIO CBOHX SHepTeTHUeCKHX pecypcoB. B ciyuae xe rpa-
¢duTa IBHKYIIHeCH 4TOMBI YIJIepOJa YCIeBAT H3PACXOAOBAThH Ha
CMellleHHe BCTPEYHBIX aTOMOB IOYTH BCIO CBOK 3HEPTHIO, HpexIe
YeM HX CKOPOCTb YnajeT HacTOMBKO, YTO CTAaHET BO3MOKHBIM o6pa-
3oBaHHe NHKOB. Haiuu BHYHCJIEHHS1 [OKa3bBaloT, yto HauboJjee
«paspyliuTeNbHAass» 4acTh rnpobera aToMOB OTAAYu B rpadure mpH-
XONWTCSI Ha CKOPOCTH, COOTBeTCTBYyIOWMe 3HeprusM 100 000—
10 000 3s.

Urak, sicHO, 4To paAmallys MOXKeT NPHUBOJAUTH K 06pa3oBaHUIO
pasHooOpasHblX Te(eKTOB B KPHUCTAJJIHUECKOH pelleTKe, B CHIY Yero
H NMOBpexIeHHs B 06JydeHHOM MaTepHaJse MOryT OHTh CAMBIMH pas-
HOOOpa3HBIMH.

OnucniBasi paspylleHHs, NPOH3BOAHMEIE pajHalliedl B TBepABIX
tenax, Mol obpaiajy OCHOBHOe BHHMaHHWe Ha rpaduT, HO MHOroe
H3 TOTO, 4TO OBLIO CKa3aHO, B PABHOH Mepe OTHOCHTCA W K MeTaJ-
JIMYecKoMy TOIJUBY B peakrtope (¢ur. 2). Hocureap paspyuienuit
OCTaeTcsl TeM e CaMblM — GbICTPO ABHKYIMecsd uactuibl. OcHOB-
HOe pasJuyue COCTOMT B TOM, YTO B ypaHe cpeiH 6oMOGapIupyIOMIUX
YaCTHI| [VIABHYIO POJb WMPaIOT He HEHTPOHBI, a NPOAYKTH [AeJeHHS.
TsKesble OCKOJIKH Afep ypaHa CTAJKHBAIOTCA C aTOMaMH KPHCTAJI-
JIHUECKO#l pelleTKH HaMHOTO CHJIbHee, YeM HEUTPOHHI, H HepesaioT
atoMam B cpeinem B 1000 pas OGoJblue 3HepTHH,:HO3TOMY H NO-
BpexXJeHHus B ypaHe HaMHoro GoJjblle, ueM B rpadute.- Kpome Toro,
npeBpalleHle YaCTH ypaHa NpH JeJeHHH B JIpyrHe 3JeMeHTHl TaKxKe
yMeHbIllaeT NMPOYHOCTh Metasda. K- cdacTbio, Meranas o6aazaor
BA3KOCTbIO M MOTYT BBIAEPXKHBATH GOJIbIIME HAIPY3KH, B 0coOeHHO-
‘CTH €CJIH IPOTHBOCTOATL Harpyskam TpebyeTcs He CAHLIKOM AOJrO.
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Paccmorpum Tenepb cnoco6HOCTL MaTepualloB BOCCTAHAB/HBATHL
paguauuonubie noppexaeHus. OGbIUHO CMellleHHEIE aTOMbl IBITAIOT-
Cs1 BEpHYTbCHl B MOJIOKeHHe, 6oJiee MJIH MeHee HaMOMHHalolee TO,
KOTOpOE OHH 3aHMMaJi B pelleTKe 10 06JyuyeHHsl, H TaKUM o6pasoM
BOCCT2HOBKThL CBOM INi€pBOHAva/bHble CBOHCTBA. [Ipoiieccn Boccra-
HOBJIEHHsl JYYllle BCero H3yyaThb NpM HH3KHUX TeMnepaTypax. Eciau
MoBpeXJeHHbIH MaTepHa/J BbIAEPKHMBATHL NpPH TaKoH TeMmneparype,
NpH KOTOPOH MHTEHCHBHOCTH JBHXKEHHA aTOMOB OyleT KpaliHe maJa,
aToMbl BHeJpEHHs ¥ BAKaHCUM HAUYHYT PeKOMOMHHPOBATL M IO-
BpEX/JEHHs pelleTkH OYAYT «HCHUeadaTbcA». B pesynbrate M cBOH-
CTBa BCEro KpHCTa/J/la HAayHYT BO3BpallaTbesi K HopMaJsbHbIM. Ha-
IJISIIHBIM - HPUMepPOM HPOTEeKAHHA BCEX 3THX INPOLECCOB MOXKET
CNYKHUTb BOCCTAHOBJEHHE CBOHCTB MefH Nocje 061YHeHHS NPU TeM-.
nepatype XRAKOro requsi. Mamepsanack 3/eKTPONPOBOAHOCTh MEIH.
Ecau MeAb — HOUTH HAEAJNbHBIH MeTaaa — o6ayvyaTh NPU KOMHAT-
HOI TeMnepartype, TO palualHOHHble NOBpexkiennda OydyT BoccTa-
HaBJHBaThCH OueHb OBICTPO. UTOOH «3aMOpO3HTb» Bce HOBpeKIe-
HHS H NPELOTBPATHUTb NPOIECCH BOCCTAHOBJEHHS HENOCPEJCTBEHHO
B MOMeHT 06JyueHYs, Melb HeOOX0AUMO JepXaTh NPU TeMIepaType,
HeHaMHOro npepbluraoweli abcomoTHbll Hyab, [lpu Bozpacraruu
TemnepaTrypbl o6ayueHHbX 06pasuoB npumepHo no 35°K wux anek-
TPOINPOBOAHOCTb CHJIBHO Bo3pacTaer. [Ioka MBI ele He 3HaeM, C ueM
CBfI3aHO CTOJb pe3Koe H HeoOpaTHMOe H3MeHEHHe 3JIeKTPONPOBOA-
HOCTH, CBOHCTBEHHOE He TOJIbKO MeJM, HO H JPYIUM MeTajjaaM:
¢ peKoMOHHAIMEH Paclo/oKeHHbIX GJIH3KO APYT K APYry BakKaHCHH
U aTOMOB BHEIPEHHS HJIH C «paccacblBaHHeM» HeKOTOpbIXx aAedop-
MalHil, BLI3BAHHBIX TENJOBHIMH NHKAaMH. DTO OJUH H3 BaXKHBIX BO-
NPOCOB, HCCJAEAYeMEIX B HAaCTOslIllee BpeMS B psle JabopaTopHil.

VnTepecHo oTMeTHTb, UTO Ka)KJAOe MOBbIIIEHHe TeMIEpPaTyphl
COMPOBOXKAAETCS «3a/JeuyNBaHHEM» KaKOrO-HHOYAb «HEHCLEeNIeHHOTro»
HOBpeXK/leHHs. DTO yKasblBaeT Ha CYIIECTBOBaHHE IIHPOKOIO CIHEKT-
pa PasJHYHBIX THOOB Ae(EKTOB, H3 KOTODPLIX OJHHU HOAAAIOTCSA HC-
TpaBJeHHIo Jerue, Apyrue — tskenee. MsBectHo, 4To maxe HeGOJb-
[pe cjaelbl NPHMECHBIX aTOMOB MOTYT OKa3blBaTh CYUIECTBEHHOE
BJIUAHYME Ha CKOpPOCTb BoccTaHOBJeHMs. Hekoroprle us o6GpasoBas-
nuxcst f1edeKTOB OKa3BIBAIOTCS HACTOJNBKO YCTOHYHBLIMH, 4TO s
CHSITHSI HX MeTaJslJibl NPHXOAMTCS HArpeBaTh A0 TeMHepartyp, cocTaBs-
JISTIOIIUX NPUMEPHO NOJOBHHY TeMIepaTyphl MJaBJeHHs.

B mesoM uMCTHie MeTaJuIbl Jyullle, YeM BCe OCTaJjibHBIE MaTepHa-
Jbl, CONPOTHBJATCS paZHAlHOHHEIM HOBpEeXXAEHHAM H Jierue BOC-
CTaHAB/IMBAIOT NepBOHAuaJbHHE cBofictBa. Moxer OvITh, 3TO CBs-
3aHO C TeM, YTO aTOMHI B MeraJjnax Haunbonee noiasi:kHEL. [IpaBna,
HEKOTOpble O0COOeHHOCTH B NOBeJeHHH, CBOHCTBEHHEIE MeTaJljIaM,
o6HapyXeHH IIpH OOJY4YeHHM M Yy TaKHX BaJEHTHBIX COeIHHEHHI,
KakK ajMa3, KpeMHHH H repMaHHi#, H y [pPOCTHIX COJell H OKHCJIOB,
HanpuMep y XJOPDHCTOrO HaTpHa H okucaa Oepuaaus. C  gpyroi
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@ ur. 3. Mamenenne cBoACTB CIIABOB ypaHa M aJMIOMHHHS, BLI3BBAHHOe pacnafoM
HEKOTOpbIX aTOMOB ypaHa (00 RaHHnM DBuiauprrowa ns Ok-PuIkckod Hamuo-
HaJjbHO snaGopaTopuu),

@ — 3aBHCHMOCTb TENJOBOrO CONPOTHBJAEHHS OT J[AOMH paclUlelUBUIMXCA aTOMOB; 6 — 3aBHCH-
MOCTb 3/ICKTPHUECKOI'O COMPOTHBJIEHHS] OT HOJMH PacUIENUBUWIHXCS aTOMOB. KBajapaThl, KpPYMKKH
H TpeyroJbHHKH COOTBETCTBYIOT HaGJIOeHMAM HaJ CIJaBaMd, coAep:KalleMu 5,7, 15
17,2 rec. % ypana, ITo ocM OpAHHAT OT/IONeHC OTHOLIGHHE KOHEUHOro 3HAYEHHS H3MepseMofi
BesHqHeB K HadaabdoMy. Tak, BHAHO, 4TO mpu pacmaZe 0,002 aTOMOB ypaHa TefNioBOe COfIpO-
THBJIeHHE (@) BospacTaer B 1,2 pasa 0o CpaBHEHHIO ¢ HOPMAaJbHBIM 3HAYEHHEM.
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CTOpQHBI, OpPraHHYeCKHe MarepuaJbl, B 0COGEHHOCTH IOJMMEpPLI, Ha-
NpHMEp MJIACTHYECKHE MAacChl, KpaiiHe UYBCTBHUTE/IbHH K DAajHallHH,
JeficTBHE KOTOPO#l NPHBOAMT K OOpPa30BaHHI0O B HHX MOCTOSIHHBIX H
He mOAMaIOUINXCs BOCCTAHOBJEHHIO MOBpexiAeHHA. B 3THX caydasax
CUHTAIOT, YTO OOJyueHHe NPHUBOAUT K Pa3phiBY XUMHUECKHX CBfi3ei,
KOTOpBle TPYAHO BOCCTAHOBHTL B MepBOHauajbHOM BHOe. DBoib-
MIMHCTBO MOJAMMEPOB JaxKe MPH YMEPEHHOH NPOLOMKHTENbHOCTH
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BoM6apanposka MeAW (wTpuxosas kpHBast), cepeGpa (CnaowiHaA KPHBas) H 30J0Ta (MYHKTUD-
4a4 KpuBas) HEeHTPOHAMH YBEIHYHBAET 3JIEKTPHUECKCe CONPOTHBIEHHe STHX Meramios. [lo

—15
OCH afCLHCC OTJONKEHO YHCIO YaCTHI, RpOXCAsIMHX uyepes 107 “cu? momepedHoro cedeHus
AyYka, TO OCH OpAMHAT — COMpPOTHBJEHME Ky6a ¢ pe6pom | ca, BhpaXieHHOe B eZHHHIAX

'10—7 osm. MamepeHda npoBOpuNHCL npu Temneparype [0° K.

o6ydeHusi yTpauuBaeT CBOI0 mnuacTHuHocTh. Kopoue rosops,
CBOKCTBA MOJMMEPOB TOYTH [IPOTHBONOJIOXKHBI CBOHCTBAM  Me-
TAJJNO0B.

Kakue THnbl pajHalHOHHBIX INOBPeXAeHHH CyHIeCTBYIOT H 4eM
OHH MoryT ObiTh HaM noje3Hni? Kak Mbl yKe 3HaeM, HA MHKDOCKO-
nuYeckoM YpoBHe o6ayueHHe NPHBOJAUT K 06pasoBanuio AedeKToB
peuierku. Kakne H3MeHEeHHS B MaKPOCKONHUECKHX CBOHCTBaxX Ma-
TepuaJa BH3LIBAIOT 3TH AedexTn? [IpefckasyeMble u3MeHeHHs MoO-
JKHO pasjleluTh Ha ueThipe OCHOBHBLIX THIIA.

Bo-nepBEix, H3BECTHO, YTO TaKHe CBOHCTBA, KaK 3JEKTPOIPOBOA-
HOCTb M TEMJONPOBORAHOCTb, 3aBHCAT OT TOTO, NpaBHJbHA JH pe-
meTKa W HeT Ju Yy Hee Hedekros. Heyausureabno nosromy, uro npu
BO3PAaCTaHHH HMHTCHCHBHOCTH paJMalHH 3/EKTPO- H TEMJIONPOBOA-
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HOCTL MaTepuaJsa pesko nazaiot (¢dur. 3 v 4). IKcnepuMeHTaNbHO
6bl10 uaMepeHo 30-kpaTHoe yMeHblleHue. K cuacThio, Temjonpo-
BOJHOCTb 3aMeJJ/IUTeNsl He TAK YXKe CHJIbHO Bauser Ha paboTy pe-
aKTopa, a TeMJONPOBOJHOCTb MeTaJ/UIOB B CYIIECTBEHHO MeHbIefl
CTeNeHH HOJBEpIKeHa JeHCTBUIO pajMallMH, NOITOMY TeM, KTO IpH-
3BaH ofecledHTb HOpMaJbHOe (YHKIHOHHDOBaHHE peakTopa,
yMeHbIIeHHe TeMNJONPOBOAHOCTH OCOOLIX XJONOT He IOCTaBJisieT.
Caenyer cpasy e no6aBHThb, YTO paAHMalHOHHblE MOBPEXACHUS BbI-
3BIBAIOT H3MEHEHHs B MaTepHaJe NPHOOPOB, BBEAEHHBIX B PeaKTOD,
H 3TO CJjelyeT YUUTbIBATb NPH PelIeHUH NpoGJaeM, CBS3aHHBIX C €ro
NpUGOPHLIM OCHAIEHHEM.

Bo-BTOpBIX, MOXKHO TOBOPHTB O MoTepe miaacTuuHocT. [ledekTh
pelleTKH TPHBOAAT K TOMY, YTO IWIOCKOCTH CKOJbXKEHHS B KpH-
CTaJ1aX- OKa3blBaloTcs OJOKHPOBAHHBIMH, MaTepHaJ CTAHOBHTCH
KeCTKUM H XPYNKHM. DJTOT THI PaJHALHOHHLIX MOBPEXKAEHHH Tpe-
Oyer 0co00H OCTOPOXKHOCTH NMpH OODauUleHHH € YPAHOBBIMH TeMJO-
BBIAEAAIONMMH 3JEMEHTAMH, H C HUM IPHXOXHUTCS CUMTATHCA B MEp-
BYIO odepelb. V3MeHeHHS NJAaCTHYECKHX CBOHCTB MaTEpHana MOXKHO
NpOJEMOHCTPHPOBATL HATAsAHO. Jtor 3Pdekt Morau HabawgaTh
noceTuTeNd BbICTaBKH «Artomuast sHeprusi B CHIA», nokasaHHoil B
JKeneBe. Kaxxibie HecKoJIbKO CeKyH[I JerKHH IIapUK MOMepeMeHHO
fpocaau TO B OAMH, TO B APYrod MeAHbIl nuauHAp. O6a NUIUHIAPA
BHeIlHe BBIMVIAAEJNH OAMHAKOBO, HO OTJNHYAJHChL TEM, UTO OJHH U3
HUX Obl1 NMOABeprHyT o6aydeHH0 HelitpoHamu B Ok-Pumxckom pe-
akrope. HopmanbHBI{l HUJANHAP TPH yAape O HEro INapHKa He H3[a-
BaJl 3ByKa, B TO BpeMsi KaK OOJyueHHBIl «Ien», Kak KamepTon. Hu-
Kakas XxosnofHas o6paGoTkKa MeJH He MorJja Obl NMpHaTh €il TAKOH
KeCTKOCTH, Kakas Oblia y o61ydeHHoro obpasua.

O6a Ha3BaHHBIX HamH THIA 3(PPEKTOB — [ajieHHe TEMIONPOBOA-
HOCTH H NOTepsA MJIAaCTHUYHOCTH — HauboJiee NMOpPa3UTEIbHBl, HO OT-
HIOAb He Haubogee omacHul. [as HopMaabHOH paboTH peaxropa
60/1blIyI0 ONACHOCThL [PEACTaBJSIOT JBa APYTHX THIA paJHal{UOH-
HBIX HOBpeX/JeHHH.

IIpuMepom OAHOroC M3 HHUX CJYXKHT pa3byxaHue Marepnanaa. Cme-
HI€eHWe aTOMOB 3 Y3/I0B PELIETKH NPHBOAHT K PACIIHPEHHI0 KDH-
crajna. CienoBartenbHo, 1O Mepe YBeJWYeHHsl [03bl pajHalHH
oGbeM 6Ji0Ka H3 MaTepuaJa Takxke yBeiuuuBaercs. Korpa B Jsa6o-
paropusix Komuccun mo atomHo# 3sHepruum B Afjgaxo Gbl1 BBendeH
B JeACTBYE PeaKTOp AJsi HCBITAHHS MaTepHaJ/OB C HOBHIM 3aMeJlJIH-
TeJIeM H3 OKHCH GepuJiius, 00beM 3aMe/JINTeNs B HepBbIH JeHb yBe-
auumiaca Ha 1%. K cuacrblo, pacllnpeHHe 3aMelJIHTeNs. He POCIO
JHHeMHO co BpeMeHeM: uepe3 10 nHell o6beM BO3pOC MeHee yeM HA
10% mno cpaBHeHHw ¢ mepBOHadaJbHBIM. TeM He MeHee HCIONB3O-
BaHHe B KayecTBe 3/IeMEHTOB pellleTKH MaTepHaJoB, CMIOCOGHBIX H3-
MEHATb CBOH pa3Mephl NOC/Je OKOHYaHHS MOHTAXKa, MOXeET JOCTa-
BHTb MHOTO XJOIOT.



140 11. Aldepran snepeun

Hpyrofi, He MeHee HENPUATHBLIA pajHALHOHHBIA 3((deKT — sHep-
reTHYecKas HeyCTOHYHBOCTb OGJYHUEHHOTO MatepHaja. ATOMBI BHeX-
peHus o6aafaior GoJbIIMMH 3anacaM sHeprud. [Ipw ux orxoze
Hasal (B BaKaHCHH pelIeTKH) 3Ta 3Heprus ocBoboxkpaercs. Takum
o0pasom, HajJ 006/ydeHHbIM MaTepHa/JOM BHCHT cBoeoGpasHblil Hep-
reTHYeCKHil AaMOKJI0B Med. Ko/aHuecTBO sHeprum, 3amaceHHoO#l B
aToMax BHeLpEeHHs,, MOXKeT AOXOJAHTb A0 COTeH KaJjopuil Ha | MOAb
(MoJeKy/AsipHBIA Bec BellleCTBAa, BbIpaxKeHHbIl B rpammax). SIcHo, uto
BHe3aNHOe OCBOGOXJAEHHe 3TOr0 3alaca MOXeT NPUBOAUTL K He-
NpHATHEIM nocaexctBusM. C ApYro#l CTOPOHBI, 3TO SIBJEHHE OTKPHI-
BaeT W HOBble KOHCTPYKTHBHbIE BO3MOXKHOCTH MaTepHaJjia: HeKOTOPhIE
yueHble NpeAsaraloT HCIoNb30BaTh 00JyUeHHBIH rpaduT Kak CBOe0O-
pPa3HYI0 aKKyMyJSITODHYIO 6aTapelo.

Mbl HasbiBaeM MepeuHcJeHHble BBIIE 3QDeKTh «MOBpeXIeHHA-
MH» IOTOMY, YTO OHH H3MEHSIOT Ba’KHble CBOHCTBA MAaTepHaJoOB, [O-
MeIllleHHbIX B peakTop [Jis BBLINOJHEHUS OlpeleseHHBIX ¢GYHKUUH,
OCHOBAHHBLIX HMEHHO Ha 9THX CBOHCTBax. l3meHeHue CBOHCTB cuH-
Taercss BpelAHbIM He IOTOMY, YTO HOBble CBOHCTBA HH MNpPH KaKHX
06GCTOSITeNIBCTBAX He CMOTYT HalTH cebe mOJE3HbIX [PHMEHEHHH,
a Jullb HOTOMY, YTO 3TH H3MEHEHHsA BJHAKT Ha Te (QYHKIHH Ma-
TepuaJsa, MU BLINOJHEHHS KOTOPBIX OH Obia npennasHaueH. Yrobul
CBEeCTH [0 MHUHMMyMa BJIMSIHHe HeXKeJaTeJbHbIX U3MeHeHHH Ha pa-
6oty peakropa, ObLIO Npe[JOKeHO [OJABEpPraTb MaTepHaJbl, HC-
NOJNb3yeMble B €ro KOHCTPYKIHH, NpeABAPUTEJbHOMY OGJyYeHHIO.
Taxasa «XurpocTb» MO3BOJsAET HaAeJATb MatepHasJbl TpeOyeMbIMH
CBOACTBAMM U JleslaTh ¥X YCTOHUHBHIMH K JajbHeiillleMy 06JYUeHHIO.

MoxHo HajesaTbcs, YTO NpeABApHTEIbHO O6/IyueHHBlE MaTepHa-
abl 6yLyT HaxoAuTh Bce Gosiee H GoJee WIHPOKOe MPUMEHHUE, 110 Mepe
TOTO Kak Oyner pacTd Halle IIOHHMaHHe HX CBOHCTB M BO3MOXKHO-
crefi. I'paduroBrle axKyMyJaTOpHble Oaraped U CBepXTBepas
Melb — JUllb NepBble CTPOKH OOMIMDHOTO CIHCKA 3THX HEOXHIAaH-
HbIX CBoficTB. To, YTO H3BECTHO CETOAHS O CBOMCTBAX MaTepHAJOB,
MOJABEPIIINXCA AEHCTBHIO pajfMailuy, — JHLIIp MepBble, €/(Ba 3aMer-
Hble LapanuHbl Ha MOBEPXHOCTH IJIyOOKOTO 3HAHMA HX CBOHCTB.

Hac, aBropoB aTo#l cTaTbH, PajHalMOHHBIE 3(GheKTH 3auHTe-
PEecoBaad B CBSI3H C CO3JAHHeM MepBLIX OOJBIIHX PEAaKTOPOB, H MBbl
cunTaeM oco0oil yAauell, uTo sBJeHHE, IEPBOHAYAJBHO Ka3aBlleecs
Julllb JOCaAHOH moMexoil, HulHe obeniaer cHaOAUTb HAc IeHHOH HH-
dopmanmeii o cpoficTBax TBEpPAOrO Tejla B LeJOM M O CBOMcTBaXx
MHOTHX MaTepuaJjioB, HCIOJb3yeMBIX B Halliell NOBcefHeBHOH npak-

THKeE.
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IMPOBJIEMA M3MEPEHU )

BBEAEHHUE

B TeueHue nocaesHNX HECKOJNbKUX JET 3aMETHO YCHJMJICS HHTe-
pec K JOornueckuM OCHOBaM KBAaHTOBOH MexaHuku [1—24]2). Cru-
MyJIOM TIOCJYXKHJH IONBITKH H3MEHHTb BEPOATHOCTHYIO HHTepIpe-
TALHMIO KBAHTOBOH MexaHUKH. Jla)ke mocse TOTO, KOT/JA BHISCHUAOC,
YTO NpeINpHHATHE INONBITKM OKa3ajuCb MeHee MJI0JOTBOPHEIMH,
ueM HaJeslJuCh HX aJentel ®), MHTepec K JOTHIECKHM OCHOBAHHAM
reopun coxpauuiacs. Ilocae Gonee uem 20-71eTHero 3a6BeHHS Mb
BHOBb CJIBIIIAM JIUCKYCCHH 00 OCHOBHBIX IIPHHLHIIAX KBAHTOBOH Me-
XaHUKH ¥ COBMECTHMBIX ¢ HHUMH TE€OpPeTHKO-MO3HABATEJbHBIX (3IIH-
CTEMOJIOTHYECKHX) B3ryafax. Kak 3To Hepeako GuiBaeTr B 1noa00-
HBIX OOCTOATENbCTBAX, HEKOTOphlE M3 paHee BLICKA3AHHBIX HIeH
OKasanuch 3a0BITBIMH; HOYTH BCE HAC/JeAHE NPOULILIX JeT Gblio
OTKPBITO 3aHOBO B COBpeMeHHOH JjHTepatype. Pasymeercs, Koe-uTo
B A3bIKe H3MEHHWJIOCh, HO [VIaBHOe yxke OBLIO C/IeJaHO: HOBHIE HAEH
OpouIeHbl, HOBble NONBITKH npeanpuuaTel. OGcyauB npobieMy H3Me-
PEeHHS cO MHOTMMH MOHMH JPY3bfIMH, I NIOHSJ, U4TO H3/J0XKHTb TY
CTAHAAPTHYIO TEOPHIO, KOTOpas Obija pasBHTA JeT ABAALATH TOMY
Hasag, 6blj10 Obl BecbMa NoJe3Ho. B 3ToM U OyAer cOCTOATh NepBast
sajaya pAauHoi cratbu. CTaHZapTHas TeOpUSl u3MepeHHs Oeper
cBoe HayaJio B crarthe [efizenbepra [27]%), B KoTopoi#l BiepBbie GbIIO
chOpMyJINPOBAHO COOTHOLIeHHE HeonpejeJeHHOCTH. [lepBbIM, KTO
NOJIHOCTBIO OLEHHJ JAaJjiekKo uJyliHe cJelcTBus ugeil I'elisenbepra,
6bu1, KakK MHe Kaxercs, ¢oH Heiiman [32]5), HO kK aHa/joOruYHBIM
BbIBOZAM HE3aBHCHMO OT HEro HPHULIH H MHOTHe ApyrHe (QU3HKH.
HanboJee noJHO Teopus H3MepeHHs, KOTOpyio sa Oyay Has3bIBaThb

') Ony6amkosaHo B .XKypHase: Amer. Journ. Phys., 31, 6 (1963).

2) Cm. TakXe cTaThu Temntepa, Bopua, Jlaumé, Bonma u- Jlogsura s cGop-
Huke [25].

3)[ C]M. crateio Poka B cBopuure [26] (crp. 177 u ocofenno pasmen II).

4) Cwm. takXe craTbio [eiisenGepra B cGopruke [28], cratbu Bopa [29, 30] n
B ocoGennoctu KHury Bopa [31]

%) Cwm. tTakxe paGotry Hopaana [33].
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opTonoxcaanoﬁ, H3JI0XKeHa B HpeBOCXoJAHOH KHure JlonmoHa #H
bayapa [34]1).

OpTofoKCcanbHAsl TEODHS H3MEpeHHs BechbMa CHENH(pHYHA 110
CBOMM 3THCTEMOJIOTHYECKHM CJaeACTBHAM. MIMeHHO 103TOMY Mbl CYH-
TaeM 0COOeHHO XeJjaTeJbHBIM TIIaTeJbHeHIUNHA aHaJMH3 OPTOLOK-
CalbHBIX B3IVISJOB M IIOHCK Ja3eeK, MO3BOJAIINX H306eXaTb Tex
BBIBOJOB, K KOTOPbIM IPHBOJAMT OPTOAOKCaJbHAS Teopus. Bosbiuas
rpynna $Gu3uKOB HAXOJUT, YTO NPHUHATL 3TH BBHIBOJLI TPYJIHO, U, XOTH
aBTOp HacToAlleH CTaTbH NpPHAEPKHBAeTCs HHOTO MHEHHA, AaJeKO
HAYLUIMA XapaKTep 3IHCTEMOJIOIMYECKHX BBIBOJOB H3 OPTOHOKCAJb-
HOH TeOpUX HEe MOXKeT He BHI3HIBATH y Hero GecnokofictBa. Onace-
HHUsl aBTOpa, pasjenseMble TaKXKe M MHOTMMH APyruMHU GH3HKaMH,
OpHIEP:KHBAIOIUMHACS OPTOMOKCANbHEIX B3LNSAOB Ha npobJaemy
H3MepeHUsi, OCHOBAHB Ha MOAO3PEHWM, YTO K TNPABHJABHLIM SIHCTE-
MOJIOTHUECKHM BBIBOAAM HeJsb3d NpHHTH Ge3 MoJpoOGHOTO aHa H3a
npoyecca npuobperenus snanuid. 3afaun 3Tofl crathu Oojee orpa-
HHYEHBl: B Hell OyZer npoaHaaHU3upPOBaH JHUIIb TOT THI HHGOPMAHUH,
KOTODHLIH MBI, COIJIaCHO KBAHTOBOMEXAHHUYECKOH TeOpHH, MOXKEM IO-
JYUHTb M KOTODHIM pacnojaraeM O BHelLIHeM HeOJyIeBJeHHOM MHpe.

3xeck Iepel HAMU BCTAeT H3BeUHBHl BONPOC: He BBIXOAUM JIH

bl, (pU3HKH, B NOUCKAX (PHIOCOPCKOR HCTHHB 3a Hpejesbl Hamlel
KoMneTeHuuu? $1 aymaro, uTo, BepOATHO, Bbixoaum ?). Tem He Mme-
Hee OTHe/bHble CJAEACTBHA KBAHTOBOMeXaHHYeCKOH - hOpMyJHpPOBKH
3aKOHOB (U3HKH NpeACTaB/SIOT HHTepec, JAake ecJH JONMYCTHTh,
4TO OHH MOI'YT U He NPUBOLHUTH K aOCOJIOTHOH HCTHHE.

~

OPTONOKCAJIbHASI TEOPUSA U3MEPEHUSA

Cor/siacHo KBAaHTOBOMEXAHHYECKOH TEOPHH, BO3MOXKHbIE COCTOSI-
HHsl M1000f CHCTeMbi AOMYCKAIOT OIHCaHHe C MOMOIUBIO BEKTOPOB
COCTOSIHUA. DTH BEKTOPBl COCTOSSHHA (s IOUYTH JOCJOBHO LHTHDPYIO
¢oH Heiimana) MoryT uaMeHsiTbcAl AByMA crnoco6amu. C redeHHeM
BpeMeHH OHH W3MEHSIOTCsI HeNpepbiBHO COMMIACHO BpPEeMeHHOMY
ypaBHenuo llpenunrepa (370 ypaBHeHHe Mbl OyleM HA3BIBAThH
KBAaHTOBOMeXaHWYECKHM ypaBHeHHMeM JBHxKeHH:A). Kpome Toro, ecan
HaJ CHCTeMOH IIPOM3BOJHTbL H3MepeHHs, BEKTOD cocTosHHA Oyner
MEHSATbCH JAMCKPETHO, MO BEPOATHOCTHLIM 3akoHam. Bropo# cnocof
U3MEHEHHs] YacTO HasblBalT peaykKuwel (reduction), waum crsaru-
BaHHEM, BOJIHOBOH ¢yHKuuu. MIMeHHO 3Ta peAyKuusl BeKropa co-
CTOSIHHSl ¥ HelpueMmJeMa [AJ51 MHOTUX HallHUX KOJJIer.

Honymenne o AByX cnocobax H3MeHeHH BEKTOpa COCTOAHHUSA
O3HauaeT BBeJEHHe cBoeoOpasHoro nyanusma. Creayer nomuepx-
HYTb, YTO 3TOT AyaJu3M HMeeT MaJjio obero ¢ uacto obcyxnaae-

1y Cwm. taxxke pabors Llpenunrepa [35, 36].
2) D10 MHeHHE OCOGEHHO XOPOLIC Bpra3PIJI Maprenay B nepBbIX ABYX pasie-
Jax CBoOefi CTaTbH [37]. v
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MBIM AyaJdH3MOM BQJHA — dacTHua. [locienuuit sBAfeTCs ~JAuIb
yacTblio Goviee o0ulero «NJIOPANH3May HIN AaXKe «HHOHUHHTEIHIH3-
Ma», CBS3aHHOTO C CYIIEeCTBOBAHHEM GeCKOHEYHO MHOTHX HEKOMMY-
THPYIOLINX H3MEPHMBIX BeJIHYHH: H3MepATb MOMKHO JHGO MOJIOXKEe-
HHE YacTull, JH00 HX CKOpPOCTb, JHGO GECKOHEYHO MHOr0 APYTHX
HabawogaeMblXx. PaccMaTpuBaeMbill HaMHM JIyalu3M — HCTHHHBIH, OH
o6ycsoBJIeH cyllecTBoBanueM 08yx crnocoGoB H3MeHEHHs BEKTOpa
cocrosiuusa. HeoOxoaumo TakXKe 3aMeTHTh, XO0TA OH BCKOJIb3b, 4TO
BEPOSITHOCTHBII aCIeKT KBAaHTOBOH TEODHH MOYTH JAHAMeTpasbHO
NPOTHBONOJIOXKEH TOMY, UTO 3aCTaBJsieT OMKMIaTh OOBIYHBIH OIBIT.
OcobeHHO Ba’KHYIO pOJIb BEPOSITHOCTHBIE 3aKOHbI JOJIZKHBI MIPaTh
B SBOJIIOLHH CHCTEMBl BO BpeMeHH. BaaumoneficTBue uacTdu, HX
CTONKHOBEHHSI — BCe 3TO COOBITHS, KOTODbIE NPHUHSATO CYUTATh TOM-
YHHSIOLIMMHCSA CTaTHCTHYeCKHM 3akoHaM. B uHTepecyiolleM 3Ke
Hac cjaydae Bce OOCTOMT COBEpIIEHHO = HHaue: HeONPeAeseHHOCTh
B NOBEJEHHH CHCTEMBl HE BO3pacTaeT CO BpEMEHeM, €C/H CHCTeMa
npegocraBieHa caMoli cebe, T. e, ecy HAaJ HEl He MPOHUIBOAATCSH
n3mepenusi. CBOHCTBa TaKOH CHCTeMBl, OIHCHIBAeMble €¢ BEKTOPOM
COCTOSIHHS, M3MEHAIOTCA NMPHYHHHO HEe3aBHCHMO OT TOTO, B TeUeHHE
KaKOTO NepHoja BPeMeHH OHa mpejocTaBieHa camoil cebe. Haobo-
pOT, MPOM3BOJS HaJ Halllel CHCTEMOH H3MEpEHHS W MbITasiCh NMpOBe-
PHTb, H3MEHSIIOTCSl JIH ee CBOHCTBA TaK, KAK OHH JAOJIKHL GBLIM GHl
H3MEHATbCS B CHJY HAIIUX MPUUHHHBIX ypaBHEHHil, Mbl BHOCHM 3Jie-
MeHT cayudafigoro. O[HaKo, COTJIaCHO KBAHTOBOMEXaHMYECKOH Teo-
DHH, CTeleHb NpeACKa3yeMOCTH pe3yNbTAaTOB BCEBO3MOXKHEIX H3Me-
penuil, IpON3BOAUMBIX HaJ CHCTeMOH, He yOblBaeT ¢ yBeJHUeHHEM
TIPOMEKYTKA BpEMEHH, B TeueHHe KOTOPOTrO CHCTeMa NpefOCTaBJeHA
caMoil cefe: HeENOCPEACTBEHHO NOcJe HaOMIOJeHHSI CTeleHb Mpen-
CKa3yeMOCTH TaK Ke BeJHKAa, KaK H MHOIO BpeMeHH cnycTsi. He-
ONpe/e/IeHHOCTb Pe3y/bTaTOB, TaK CKa3arTh, AJs OJHHX H3MEpeHHil
BO3paCTaeT POBHO HACTOJbKO, HACKOJbLKO yObiBaeT IJIs APYTHX.
B kaaccuveckolfl MexaHHKe aHAJOTOM 3TOr0 YTBEPXKIAEHHS CIYKHT
reopeMa JIuyBuaaa. OHa TOBOPUT HaM CJELYIOLLEE: €CJH H3BECTHO,
YTO B HEKOTOPHIl MOMEHT BpPeMeHH TOukKa, uzobpaxammas B (aso-
BOM MPOCTPAHCTBE COCTOSIHHE pAacCMaTpPMBAaeMOfl CHCTEMBI, HaXo-
IWTCSl B 3JeMeHTe o0beMa oOmNpejesleHHOH BEJIWYHHBl, TO IJs JiiO-
Goro MoMeHTa BpeMeHH B OYyIyINEeM MOKHO yKa3aTb DABHBIH I10
BeJIHYNHE 3JEMEHT 00beMa, KOTOPHH GYVAeT COAEp:XKaTh TOYKY, HU30-
6paxkaiulylo COCTOSHHE paccMaTpHBAaeMOH CHCTeMbl. AHAJOTUYHO
HeoMmpe/leIeHHOCTb B pe3yJbTaTe H3MepeHHs B MOMeHT BpeMmenu (
BeJIMYMHBE Qo paBHA HEONpE/eJeHHOCTH H3MepPeHus B MOMEHT Bpe-
MeHH ! BeJHYUHB )

- Q;=exp(—iHt/h) Q,exp (iHt/h).

Hudopmauus, monyyaeMas B Oojee M03JHHE MOMEHTH BPeMeHH,
MOXKeT 0KasaTbCs MeHee LEHHOH, uYeM HHQOPMalMs, MONYYEHHAA
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B Gosiee paHHEM COCTOSIHHH CHCTeMBl (BCJEACTBHE BO3pacTaHH:
3HTPONUH), HO B NPHHIMNE KOJHUYECTBO HHGOPMANLWM CO BpeMEHeM
He MeHsercs,

HETIPOTHUBOPEYVIBOCTb OPTOIOOKCAJIbHOM TEOPUM HW3MEPEHHUA

IBa cnocobGa uH3MeHeHMS BEKTOPA COCTOSIHHS IIpoOllle BCETrO
CBECTH K OJHOMY, OITHCaB Bech INpollecc H3MepeHHsA KaK HeKoe co-
ObiTHE BO BpeMeHH, MOAUHHSIIOLeecHd KBAHTOBOMEXaHUYECKHM YpaB-
HeHUsAM IBUKeHHS. MoxHO Obl10 6Bl paccyxIaTh TaK: eC/H Takoe
onMHcaH#e BO3MOXKHO, TO OTIafaeT HeOOXOAHUMOCTh B THIIOTE3E O CY-
IIECTBOBAHHM BTOPOTO crocoba HW3MeHEHHsI BeKTOpa COCTOSTHMS,
€CJH JKe OHO HEBO3MOXKHO, TO MOCTyJar 06 H3MEpPeHHH HecOBMe-
CTHM C OCTaJbHOH YacTbi0 KBAaHTOBOH MexaHukH. K coxasneHuio,
B JeACTBUTENIBLHOCTH CHTyalus OKasblBaeTcs He CTOAb TIpo-
CTOM.

Eciu MBI XOTHM OMHCATh NMPOLECC N3MEpeHHs ¢ MOMOLIbIO ypaB-
HEHUH KBaHTOBOH MeXaHHKH, TO HEOOXOAWMO NPOaHaJH3UPOBATDH
B3aUMOLENCTBHE MEXKAY OOBLEKTOM H3MEpPeHHA W H3MEpPUTENbHLIM
npubopom. IlycTb npu H3aMepeHHH HEKOTOPOro 0OBLEKTA Mbl «YETKO
pasnuuaeM» cocrosaua o), o®, ... . Ilpou3asona u3MepeHus Haj
00bEKTOM, HAXOAALUMCH B 3THX COCTOSHHSX, Mbl MOJY4aeM 4HCJIA
A1, Mg, ... . HauanbHoe cocTosiHHe H3MepHTeJbHOTO npubopa 06o-
3HauuM uepe3 @. Ecju H3MmepsieMas CHCTeMa CHauala HaxOAMJach
B COCTOSIHHH o), TO COCTOsIHHE IOJIHOH CHCTEMBI «OOBLEKT H3Mepe-
HHS TJTIOC H3MepUTeIbHBIH npuGOp» A0 TOro, KAK OHH BCTYIHJH BQ
B3auMOJelicTBHE, OyAeT ONpeAeasTbCsi MNPAMbIM [POH3BENEHHEM
aX o). B paccmatpuBaeMOM HaMH cJdydae, KOTAa H3MepseMasi
CHCTEMA HAXOAHTCS B ONHOM H3 YeTKO pPAas3fMHUYAMBIX COCTOSIHHII,
B3aWMOJCHCTBHE HEe JOJXKHO BJHATb Ha OODBEKT H3MepeHHMd, UTO
HOPHBOAHT K OTOOpa’KeHHIO

a X g™ — g X o™, (1)

Cocrosinne 00bekTa B pesy/bTaTe H3MepeHHs He H3MEHHJIOCH, HO
HaMEeHHJ0Ch (B 3aBHCHMOCTH OT HAYaJbHOTO COCTOSIHHA OOBeKTa)
cocrosuue npubopa. Ipeanonoxkum, uro a®¥ — cocrosinus npubdopa,
KOTODHIM COOTBETCTBYIOT pa3JIHUHble IOJO0XKEHHsS CTPeJNKH, YKa3bi-
Baiolllell cocTosiHMe 06beKTa n3mepenus. Toraa cocTosiHnue npubopa
a®™ MOKHO Ha3BaTb <«IOJIOXKEHHEM CTPeJKH v». BekTopel cocros-
HuA a®, a®, ... B3aHMHO OPTOTOHAJbHBI: OOBLIYHO COOTBETCTBYIOLIHE
COCTOAAIHHS MOXHO JIETKO OTJHYHTh JaxKe Makpockonuuecku. Ilo-
CKOJIbKY JI0 CHX IOP MBI PacCMaTpPUBAJIH JHIIb «UYETKO Pa3/IHYH-
Mble» COCTOSIHHA, AJAA KaxKAOTO0 H3 KOTOPbIX NPOBOAYMOe H3Mepe-
HHe 3aBeJOMO IPHBOAUT K HEKOTOPOMY BIOJHE ONPENeNECHHOMY
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YHCJAY, CTATHCTHYECKHH 3JIEMEHT eille He BXOJW/J B Hanid paccy-
KAeHus 1),

Brisichum Temepb, 4TO NMPOU3OHJET, eCJM HauyaJbHOE COCTOSIHHE
06beKTa H3MepeHHs] OYLeT He «YeTKO pas3jHYHMBIM», a NPOHU3BOJIb-
HOH JuHeHHOH KoMOGuHauuedl oo + ce0® + ... TaKHX COCTOSHHI.
B 3toM ciayuae W3 JIHHEHHOCTH KBAHTOBOMEXAHHUECKOTO YpPaBHEHHS
[BHKeHHS (B CHJIYy TaK HaA3LIBAEMOrO MNpPHHIHKIA CYIepIO3HIHH)
caedyer, UTO BEKTOD COCTOSIHHA CHCTEMBI «O0DBEKT M3MEPEHHs IIIOC
H3MEepUTENbHBIE MpuOOpP» TOC/He H3MEPEeHUs COBNazdeT C BbIpaxe-
HHEM, CTOSIUM CMpPaBa OT CTPEJKH;

a X [ D ay,e®] > Da, [a X o). (2)

PasymeeTcs, B 3TOM pe3y/bTaTe TaKiKe HET, Ia ¥ He MOXeT ObiTh
craTucTuyeckoro sJjemenra. Omnako B cocrosiHuu (2), BO3HHKAIO-
IleM B pe3yJbTaTe M3MeEpPeHUs, CYHIECTBYeT CTATHCTHUECKas Koppe-
JSUUST MEeKAY COCTOsSIHHEM O6beKTa U COCTOsiHMeM Npubopa: oxHO-
BPEMeHHOe H3MepeHHe VY CHCTeMbl «00BEeKT H3MepeHHs TIIoC
H3MEPHTENbHBIH 1pHOOp» ABYX BeJNHUYHH (TepBOH — NoJJexallnel
H3MEPEHHIO XapaKTEPUCTHKH HCCIEAYEMOTro 06'beKTa H BTOPOH — I10-
JIOXKEHHS CTpeJaku Npubopa) Bcerja MNPHBOAHMT K COMVIACYIOLHUMCSH
peayabratam. BenencTsue 3TOr0 0HO M3 Ha3BAHHBIX H3MePeHHH CTa-
HOBUTCSl H3JHIIHHM — K 3aKJIOUEHHIO O COCTOSIHHM O0BeKTa H3Me-
peHHs MOXKHO HpHATH Ha OCHOBaHUH HabuiofneHHs 3a NpubOpOM.
IT1o ciaelyeT M3 clleNHaJJbHOH (OpMBl BEKTOpa COCTOSIHUA (2), He
copepxamei yiena a® X oM ¢ v = .

Xopouio H3BeCTHO, YTO CTATHCTHUECKAsl KOPPEJSUUA TOJIbKO UTO
OIIHCAaHHOW MPHPOABI HIPAaeT BeCbMa BaXKHYI0 pOJb B CTPYKType
KBaHTOBGH Mexanuku. OIHUM U3 TePBBIX YKa3aHU{ HA 3TO CJeayer
cuuTaTh gannoe MoTToM 0O0bsicHeHHe NPSIMOJMHHEHHOTO Tpeka,
ocTaBjasieMoro cepuyeckofl BOJIHON Bblierawlledl a-dyactuus [39)
[MpuruunuanbHoe pas3finHude B JOTHUECKHX OCHOBaX KBAaHTOBOH Me-
XaHUKU u Gojee panHeft Teopun Bopa — Kpamepca — Cuarepa co-
CTOMT B TOM, YTO KBAaHTOBasi MeXaHWKA, UCIOJb3YS /A5 CBOHX BOJIH
He 0oO0blYHOe, a KOH(UIypalMOHHOE MPOCTPAHCTBO, AOMYCKAaeT CTa-
THCTHYECKHE KOPPeasiluu MofoGHOro poja.

Bosspamasice kK npobjieme H3MepeHHsS, Mbl BHAKHM, YTO HaM He
yIAaJOCh HH ACCTHTHYTH KOH(JHKTA MEX/Ay TeopHeH H3MeDEHHs W
YPaBHEHHSIMH [BUKEHHS, HH HHTEPIPETHPOBATbL TEOPHIO H3MEPeHHs
B TePMHHAX YPAaBHEHHI JBHXKEHHs. YpPaBHEHUsS [BUXKEHHUSA JIONy-
CKAIOT OMHCAHME MPOLecca H3MepeHUsl JHIIL MOCTOJNbKY, NOCKONBKY
COCTOsSTHHE OG'BEKTA, Hall KOTOPBIM NPOH3BOAHTCS H3MepeHue, Haxo-

1y CaMocConpsiKennbili (3pMUTOB) XapakTep KaXjoh HaOMOKAEMONI MOXKHO
BbIBECTH H3 coorHomrenna (1) u yHHTapHOCTH OTOOpaMKeHHS, YKa3aHHOro CTpes-
koit. Cm. B pabote [38] npumeyanue 2 Ha ctp. 102, ‘
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JAUTCA B COOTBETCTBHH C COCTOSIHHEM M3MepHTeJbHOro npubopa. Tem
CdMbIM npobsiemMa NPOH3BOAHMOrO Haj OGHLEKTOM H3MepeHHsl mpe-
Bpamaercss B npobiemy HaOaI01eHHS, NPOH3BOAMMOTO Haj H3Me-
putenbHBIM NpubopoM. BBeienne ellle omHoro, BTOporo mnpuGopa
IJIS YCTAHOBJIEHHSI COCTOSIHMS MepBOro npu6opa H T. A., OYEBHIHO,
IIO3BOJISIET, B CBOIO OYepellb, CBECTH HOBYIO npobieMmy K mnpobieme
Ha6Ja0feHYs, MPOU3BOAHMOrO HAJ BTOPBIM, TPETbUM W T. A. NpH-
6opaMu, HO He MeHsieT [VIABHOTO: HeJb3sl NMOJYYHUTh HMOJIHOTO OMHCA-
HUA HaOJIo/leHHdA, MOCKOJBKY KBAaHTOBOMEXaHHUECKHE YPAaBHEHHS
IBH)KeHHs] NPHYHHHBl H HE COJIePIKAT CTATHCTHUECKOTO 3JIEMEHTA,
B TO BpeMs KaK H3MepeHHe COHAEPKHUT ero.

- Cienyer npu3HaTb, 4TO (GHU3HK, pPasfesioUlHil KBAaHTOBOMEXA-
HHYECKHE KOHUEHHHH, MPH OOCYKIEHHH H3MepeHHH IeJaeT MHOTO
ynpowaiowux npeanonoxenud. Hanpumep, on ucxomur us gomy-
UIEHH O TOM, UTO H3MEpHTENbHBIH NpUGOp HE3aBHCHMO OT Ha-
YaJbHOTO COCTOSIHHA OObeKTa H3MePeHHs BCerfa <«UTo-HHOYAbL Mo-
KaxkeT». Takoe HOMyIeHHE, OYEBUIHO, HEPEANUCTHUHO, MOCKOJLKY
HabJolaeMbli OOBEKT MOXKET YAaJUThbCA OT npHbopa M HHKOTLA
He NPUNTH B COTPHKOCHOBEeHHe ¢ HUM. Lille BaxHee TO 06GCTOsITE/b-
CTBO, UTO CTOPOHHHK KBAHTOBOH TeOpHH H30paJs CJIOBO «H3MepeHUe»
¥ HCHOJIb3yeT €ro st 0003HaueHHs CHelHaNbHOFO THIIA B3aHMO-
NEeACTBHS, ¢ IOMOLIBI0O KOTOPOrOo MOXKHO MOJYYHTb HH(POPMAUHIO
0 COCTOSIHMM olpenejeHHOro o0bekra. Tak, naMmepeHue Takol ¢u-
3HYECKOH KOHCTAaHThI, KAK CeueHHe, He OTHOCHTCS K KaTeropuu, Ha-
3blBaeMON [OCJeg0BaTeeM KBAHTOBOH TEODHH <«H3MepeHHeM». Ero
H3MepeHHs OTBEUalT JIHIHb Ha BONPOCH, OTHOCSIIHecsl K 3deMep-
HOMY COCTOSIHUIO (PH3HUECKOH CHCTeMbl, THIIa: KaKOBa KOMIIOHEHTa
HMITyJbCa 3TOTO aToMa BAOJb ocH X? C APyrofl CTOPOHBI, MOCKOABKY
Ham ¢u3MK He B COCTOSHHH NPOCAEIUTb OYThb HHGOPMAUUH IO TOTO
MOMEHTd, KOTJa OHa IMOoMNajaeT B €ro CO3HaHHe WJIH B CO3HaHHE
apyroro HabmiojaTessi, OH CUMTaeT, YTO U3MepeHHe 3aBeplIEHO, Kak
TOJIKO YCTQHOBJIEHO CTaTHCTHYECKOE COOTHOLIEHHE MeXIy IMOoLJe-
;Kallell H3MEPeHHI0 BEJUYHHOA H COCTOSIHHEM HEKOEero Haeajiu3upo-
BaHHOTO NpuGopa. fcHo, uTO ynorpebjaeHHe CTOPOHHUKOM KBaHTO-
BOfl TEODHH CJI0BA <H3MEDEHHE» B CTOJIb CEUHANBHOM CMBICTE Crle-
noBaJjio 6b1 0co60 NMOAYEPKHYTh. '

OTHM 3aMeyaHWeM s 3aKOHUYYy 0030p OpPTOHOKCAJNBHOH TEOpPHH
usMepenus. Kak yxe roBopuJoch, IPaKTHYECKH BCe CKA3aHHOE HAMH
MoxHO HaiTh B KHuTe JloHnona u bBayspa [34].

KPUTUKA OPTOJOKCAJIbHOM TEOPHU

IMonbiTkH MOZHQHIUPOBATH OPTONOKCAJBHYIO TEOPHIO 3a CYeT
MOJHOTO OTKa3a OT KapTHHBI, KOHIEHTDHDPOBAHHBIM BHIPaXKEHHEM
KOTOPO# CJIefyeT cuuTaTb cooTnouwenusa (1) m (2), mpeanmpunuMa-
JIUCb HEOJAHOKPATHO. 3/leChb Mbl PacCMOTPHM JIHUIb T¢ H3 HHX, KO-
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TOpble HCXOAAT U3 NPEeRNONOKEHHS O TOM, UTO Pe3y/bTaTOM H3Me
peHHst ABJSETCA HE BEKTOP COCTOSIHHSA, IPEJACTABUMBbIN B BHJAE CYM-
MBbl, CTOSILElH B IpaBo#l yacTu COOTHOUIeHud (2), a TaK HasblBaeMasi
CMecCh, T. €, O0UH U3 BEKTOPOB COCTOSIHHUS BHJIA

a(ll) X g(l‘«'), (3)

H UTO IIPH B3aUMOIEHCTBHH MeXAy OGBEKTOM H3MepeHHs U H3Me-
pPUTENBHBIM TpHOOPOM 3TO COCTOSIHHE BO3HHKAET ¢ BEPOSTHOCTHIO
|ap|? Ecan 6bl 370 GbLIO TaK, TO, YCTAHOBHB TeM HJH MHBIM CIO-
coO60M (TOYHBIA pement He HaeTcsl), KaKOH M3 BEKTOPOB COCTOS-
Husi (3) OTBeuaeT HCTHHHOMY COCTOSIHHIO CHCTE€MBI, MHl He H3Me-
HHJIK OBl CaMOTO COCTOSIHHS CHCTEMbI: MBI NMPOCTO «YCTAHOBHJH GHI,
KaKas W3 pas3jHyHbIX BO3MOMKHOCTEH peajusyercs B AeHCTBHTEJb-
Hoctu». MHaue rosops, KoHeuHOe HaOJIOAEHHE JHIIb yBEJHUHBAET
CyMMy HauIuX 3HAHUH O CHCTeME M HHUYEro He MeHser. JTO He-
BEePHO, €C/MM BEKTOP COCTOSHMSA IOCJe B3aHMOLEHCTBHS MeXIy
06'bEKTOM HM3MepeHHUs] U U3MepHTEeJbHBIM NpuOopoM uMeer BHUE (2),
[IOTOMY YTO COCTOAHUf ¢ gekTopamu euda (2) ob6iadaior c8o0i-
creamu, Koropoimu He obaadaer Hu 00HO u3 cocroanui (3). Ilo-
ACHHM 3TO OOCTOSITETbCTBO Ha IpHMepe, IOCKOJbKY OHO HMeer
¢yHnaMeHTa bHOE 3HAUEHHE IJIsl MOCAEAYIOLIEro aHajnaa.

B kauecrBe npumepa paccmorpum onblT lllrepna — I'epaaxal),
B KOTOPOM Yy HaMeTalollero IydYyka YacTHIl H3MepseTcs MPOeKLHs
CIMHAa Ha HanpapjeHHe, TNePIEeHAHKYASIPHOE IJOCKOCTH uepTexa
(¢ur. 1). Munekc v npuHuMaer ABa 3HauyeHHs. OHH COOTBETCTBYIOT
ABYM BO3MOXKHBIM OpHeHTauusiM cnuHa. «MamepurenpubniM nputo-
pPOM>» CAYXKHT KOOPAHHATA NOJOMEHHS HACTHLB, H3MepseMasi B Ha-
NpaBJeHHH, TaKkKe MepHeHIUKYJAPHOM IJOCKOCTH deprexa. Ecau
3Ta KOOpAMHATA B PACCMATPUBaeMOM 3KCIepHMEHTE MOJIOXKUTEbHA,
TO COMH YaCTHIBl HAMpAaBJeH K HaM; eCJH »Ke KOOpJAMHATA OTpHUA-
TeJbHA, TO CHHH HampaBJeH OT Hac. DKCIePHMEHT AOKasblBaer Cy-
HIeCTBOBAHKE CTATHCTHUECKON KOPPEJSIIHH MeXJIY COCTOSHHEM <«HS3-
MepHUTeNbHOTO npubopa» (KOODPAHHATHI NOJIOKEHHS) H COCTOSIHHEM
06beKTa M3MepeHus (CIHHA), KOTOPYIO Mbl yike obcyxkpanu. Obwiu-
HO 3KCIIePUMEHT MPOBOAAT AJSI TOTO, UTOOB MO NOJOXKEHHIO MydYKa
YacTUIl ONpeNesUTh HampasjeHue crnuHa. Mamepenue cunraercs 3sa-
KOHUEHHBIM (MOCKOJbKY LieJb 3KCIIepHMEeHTa COCTOHT B YCTaHOBJe-
HHH CTATHCTHYECKOHM KOpPpEeJsIHH), KOTAA HaCTHIA QOCTHTaeT TOTO
MecTa, TAe Ha ¢ur. | CTOAT TOPU3OHTANbHBIE CTPENKH, YKa3bIBalO-
IiMe HaNpaBJeHHe CIHHA.

Ina Hac e BaxHa mpaBasi yacte ¢ur. 1. M3 Hee Bugno, uro
COCTOsIHUE O00BeIHHEHHOR cHCTeMbl «O0BEKT miioc mpuGop» (crmuH

1) HemaBHo TOT e SKCTepUMEHT ¢ APYrofl TOYKM 3peHMa paccmorpesn Bas
Kuta [40]. -
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IUIIOC KOOP/MHATA 4aCTHURL, T. €. MOJHOe COCTOSIHHE CHCTEMBI) 06-
JdajaeT HeKOTOPbIMH CBOHCTBAMM, OTCYTCTBYIOILMMH Y Ka)AOIO H3
pasne/ieHHBIX NMYYKOB YacTHU. EcaM 3TH gBa myuka CBeCTH BMecTe
C NIOMOILBK) MAarHHTHOTO II0JISI, CO3XABAaEMOr0 TOKOM B KabeJse, TO
OHM OyAyT MHTep(EepHPOBATb, H CIHH CHOBA CTAHET BEPTHKAJIHHBIM.
DT0O MOMKHO TNPOBEPHTb, - MPOIYCTHB IMy4OK, OGPAa30BABLIMICA OT
CAHAHMA JBYX II€PBBIX NYYKOB, Yepe3 BTOPOH MArHUT, He NMOKAa3aH-
Hbli Ha ¢ur. 1. Ecan cocTosnue cHCTEMBI COOTBETCTBYET NMYUKy, nep-
BOHAYaJIbHO OTK/JOHUBILIEMYCS B HAlly CTOPOHY, TO, IPOMyCKas ero
uepes BTOPOH MarHuT, Mbl yBHAHM, YTO OH C OAMHAKOBOH BepoOAT-
HOCTBIO OTKJIOHAETCS! KaK B Hally, TaK H B IPOTHBONOJOKHYIO CTO-
pony. To e cnpaBeANMBO M N0 OTHOUIGHHIO KO BTOPOMY IYYKY,

TIM = nonioe maeniima
BC~ eexmop coura

M,
—
M
Tywox |
Tyne A
T ﬂayt:llg ac- ( TDLYECRU! & P, ? +| /=
yacmniy e | ENICHUS 2
Bl —
Qprmodoxcamuas Cwecs
1 meopLs
Dur. 1.

MepBOHAYANLHO OTKJIOHHBIIEMYCS B CTOpPOHYy OT Hac. XoTsi ocy-
L(eCTBUTh NpefJaraeMblii SKcrepuMeHT Obiio Obl TPYAHO, HET HH-
KaKHX COMHEHHMH B TOM, YTO MOBeLeHHe YacTHI ¥ HX CIHHOB IpH
OTMCAHHBIX YCJOBHSX COIVIAcyeTcsl ¢ KBAHTOBOMEXaHHYECKHMH ypaB-
venusmu Aprxkenusi. CiaeroBaTebHO, BHIpAXKeHHe (2), o6naualqmee
B OauHOM Cayuae CBOHCTBaMH, OTJIMUHBIMH OT CBOHCTB a10600 u3
anbTepHATHB (3), NPaBHJBHO [epeflaeT CBOMCTBA CHCTEMb! «OOBEKT
gioc mpubop».

" TaKI/I?M op6pa30M, paccmarpuBas skcnepument lllrtepna — Fep-
J1laxa, MOXHO yKasaTh KOHKDETHBIAi H, NO-BHAMMOMY, SKCIEDHMEH-
TaNBHO OCYILECTBHMBIil C1OCO0, MO3BOJIAIOUIMA OT/INYHUTL BEKTOP CO-
crosnus (2), cleiyloWlMii M3 OPTOAOKCANbHOH TEOpHH, 0T Goiee
HarTJsHON CMeCH COCTOSIHHA (3), KOTOpYylo _MOXKHO OblI0 Obl OXKHU-
1aTh, HCXOJSl 3 MHTYHTUBHBIX coobpaxenuid. Her HUKakmx COMHe-
HHHl B TOM, YTO 3/[€Chb BONpOC pelllaeTcd B I0Jb3Y OPTOLOKCAJIBHOH
teopuu. HHTepecHo, 4TO Jaxke B CTOJb MPOCTOM CJaydae OCyie-
CTBATb BBHIOOD MeXAy BEKTOPOM COCTOAHHsS (2) M CMeChi0 COCTOS-
jufi (3) ouenp TpyaHo. BosHukaior nBa BOmpoca. Bo-mepsbix, cy-
ILeCTRYeT JIM MPHHLHI, COIJIacHO KOTOPOMY B GoJiee CJOXKHBIX CJaIy-
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yaAX HeJp3A MPOBECTH Pa3/juuHe MEXAY BEKTOPOM COCTOsHHA (2)
H cMecblo cocrosinuil (3)? Hackosibko u3BecTHO aBTODY, 3TOT BO-
NpOC [O CUX HOp CePbe3HO He OOCYXKIajcs, © Mbl 3aTPOHEM €ro
TaKXe JHIBb BCKOJE3b. BTopofi Bompoc MoxXKHO cdopMyaupoBaTh
TaK: CYLLeCTBYeT Ju HeNmpepblBHLIH IMepeXo] MexIy BEKTOpPOM CO-
cTOosiHUA (2) U cMmeckio cocrosnuii (3), T. e. mepexon or GoJsee Npo-
CTBIX CJyyaeB, KOTAa B pe3yJabTaTe B3aHMMOACHCTBHA MeXKAY 00Bek-
TOM H3MEpeHMsi H H3MepHTEeJbHBIM NpPHOOPOM BO3HHKAET BEKTOP
coctosHHs (2), K OoJiee CI0XKHBIM H BOJIee pPeaJHCTHUHBIM CAy4YasiM,
KOTJa MCTHHHOE COCTOSIHME CHCTEMBI «0OBEKT NJIoc npubop» GoJibile
HAallOMHHAeT CMeCb cOCTOstHHE (3)? ITOT BONpOC, TAK Ke KaK U
NePBBIA, MOXKHO HCCAeJOBaTb B paMKax KBAHTOBOH MEXaHHKH HJH
JK€ MOXKHO MOCTYJUPOBAThb OTKJOHEHHsI OT KBAHTOBOMEXAHHWYECKHX
YPaBHEHUH [BUMKEHHS, B UACTHOCTH OT NPUHIHOA CYHEepPHO3UIHH.
«BoJsiee cmoxHEeIll» N «BoJee peaJUCTHUHBIN» cayyalt B JaHHOM
KOHTEKCTe O3HauaeT, UTO H3MepUTeJbHHIH Npubop, COCTOAHHE KO-
TOPOr0 JOJIKHO KOPPeJUpOBaThb C H3MepsieMOH BeJHUUHHOH, B CHJIY
caMoii NPUPOABI IMO3BOJsieT 0e3 Tpyla H3MepsTh C80U COCTOSIHWA,
T. € YCTAHAB/MBATb KOPPENALHI0O MEXKIY ITHMH COCTOSHHSIMH H
COCTOSIHHEM JPYroro «H3MepureabHOro nputdopas. Ilocae ycranos-
JIEHHs] TakOH KOppeJslHH COCTOsTHHe BTOpOTOo «mpubopas» Oyner
KOpPeNHPOBAHO H € COCTOSAHHEM OO'BbeKTa H3MepeHHusl. ¥CTaHOBJAeHHE
KOppeJssluil MeXIy COCTOfHHeM Ipubopa, HelNOCPeLCTBEHHO KOH-
TAKTHPYIOIETO ¢ OOLEKTOM H3MeDeHHs, H COCTOSIHHEM ADYroro mpu-
60pa 0co6eHHO PACIpPOCTPAHEHO B TeX cjaydasX, KOUAa IepBbIH NpH-
60p uMeeT MaKpPOCKOIHYECKYIO HNPHPOALY, T. €. CJ0XKeH C KBAaHTOBO-
MEXAHHYECKON TOUKH 3DeHHs. JIerKOCTb YCTAHOBJEGHHS BTOPUUHBIX
KOPpensiuil CAyKHT Mepofl TOro, HAaCKOJbKO peasMCTHYHO YTBep-
XKIEHHe O TOoJHOTe u3MepeHusa. Eciau ycTaHOBHTBL COCTOSHHE TpH-
06cpa, MPOM3BOAMBLIETO NEPBHUHOE M3MepeHHe, TaK e TPYIHO, KakK
cocTosiHie 00heKTa H3MepeHHus, TO yTBepxKIAeHHe 0 TOM, 6YATO ycra-
HOBJIeHYE KOPpPeNAliMH MexXIy COCTOsIHMeM [MepBHYHOro npubopa u
06beKTa H3MEpeHHs SIBJSETCS IMOJHBIM H3MepPEHHEM, He CJHLIKOM
peanucTHuno. TeM He MeHee OPTOJOKCAJ/bHAsl TEOPHUS] CUUTAET €ro
COOTBETCTBYIOIHM ReHCTBHTeJbHOCTH. BO3HHKaer Bompoc: corJja-
cyeTcsi JM ¢ IPUHLUNAMH KBAaHTOBOH MeXaHMKH JONYILeHHe O TOM,
YTO B KOHLE PeajibHO NPOBOJMMOrO H3MEDeHHS COCTOSHHS CHCTEMBI
«06bekT noc npubops» BoJAHOBasA (GYHKUHA OYIeT ONpeleNsiThbes He
cootHowlesreM (2), a cMmechio cocrofnuit (3)? Kak Mbl yBummm,
OTBeT Ha 3TOT Bompoc orpunaresaeH. CilefoBaTeqbHO, Ta MOAU(HKa-
Ksi OPTOMOKCAJbHOH TEOPUH, O KOTOPOH IJa peub B Hayaje 3TOTO
pasiena, NpOTHBOPEUUT IPHUHUHIAM KBAHTOBOH MeXaHHKH.
OGpatumcsi Telepb K BbIk/AaAKaM. XOTA OOLIUHO 3TO M He MOA-
yepKUBaerTcsi, TeM He MeHee sICHO, 4TO IJis TOTO, 4TOObl B pe3yJib-
tTaTe B3aHMOAeHCTBUSI NpHGopa ¢ OOBLEKTOM H3MepeHHUS MOJYUHIACh
CMECh COCTOSIHHH, CaMO HayaJ/IbHO€ COCTOSIHHE HOJIKHO OBbITh CMECBIO
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cocrosinui !). Ito caedyer u3 ofllell TeopeMbl O TOM, YTO Xapak-
TEPHCTHYECKHE KOPHH MATpHIBI NJIOTHOCTH SIBJSIIOTCA HHTErpaJiaMu
JABHXeHHs. [leficTBUTENBHO, NPEATIONONKEHHe O TOM, YTO HAyaJbHOE.
COCTOsIHHE CHCTeMBI «OOBEKT NJIC Hpubop» ecTb CMeChb, BeCbMa
€CTECTBEHHO, TAK KaK BEKTOP COCTOsHUA npubopa, o6bYHO paccMmart-
pHBAeMOre KakK MaKPOCKONHYECKHH OOBeKT, BPsiA JH H3BECTeH.
Wrtak, nmpeinonoxuM, 4TO HAYaJbHOE COCTOSIHHE HAIIEro H3MepH-
TeJIbHOTO TNpuGOpa NpPeACTaBHMO B BHAE CMecH COCTOAHHA AW,
A®, . mpuueM BeposTHOCTL cocrosinusi A®) pasua p,. He orpa-
HHYHBAsl OGIIHOCTH, MOXKHO CUHTATh, YTO BeKTOphl AP B3amMHO
oproroHasbubl. [as cocrossuua A® nppubopa u cocrosHHsa oY)
obbeKTa ypaBHeHUA ABHKEHHA HAIOT KOHEUHOE COCTOSIHUE

A(P) X O.(V) ___)A(DV) X O,(V) (4)
Kaxnoe cocrosimne AUY), A@), .. Oyner yKaselBaTb OJHO H TO 3Ke
cocrosinde o o6beKTa; cTpeska s Bcex AWV, A@) . Gyger

HAXOAUTbCHA B NOJOXKEHHU v. I1pyu pasiuuHBIX v MOJOKERAHS] CTPe/KH
Takxke Oyayt pasauunniMd. Cje10oBaTe/bHO, MPH PA3JMUYHBIX v BeK-
Topel APY) OpTOroHANbHBI, JdaXKe e€Cld HHIEKCHl p Yy HHX PAa3/IHYHBL
C npyroii cropossl, coctosiuusi A®@ u AV) pu p # ¢ TaKKe OpPTO-
TOHaJbHBL, IOTOMY YTO MNpousBedeHus A®Y X o™ u AY) X ¢™ mo-
Jy4aroTCsl NpH JAeHCTBHHM YHHTAPHOLO Npeo6pa3oBaHHs HA JiBa Op-
TOroHaJ/bHble cOCcTOAHUS A® X o™ u A@ X ¢V, a ckanapHOe NpoO-
u3BefileHHe BeKTOpoB APV X o™ u AV X ¢™ pasHo (A®Y), AloV),

1} HekoTopele H3 aBTOPOB, OTKPHIBIUIHX 3aHOBO HeAMaHOBCKOE ONHCAaHHe H3-
Mmepenus [coortnomtennss (1) u (2)], ynycTmau us sugy ato obcrosreancrso. OHH
nonaraioor, GyATO H3 MAakPOCKOIIMUeCKOH NPHPOLL H3MepHTeNbHOrO npHGopa
cJe/lyeT, YTO €CJH HeCKOJIbKO <IIOJOXKEeHHH CTPeJKH» HMelOT OTJHYHBIE OT HyJs Be-
posiTHOcTH [KaK B ciyuae, Xorza BeKTop COCTOfHHst OpeAcTaBum B BHIe (2)], 10
COCTOSIHHE CHCTEMbl C HEOOXOJHMOCTBIO SIBJSETCS CKOpee CMecbio (deM JIHHEHHOH
KoMOuHalHell) cocTosHull (3), T. €. COCTOSHME, KOTOPHIM COOTBETCTBYeT CTPOro
onpefie/ieHHOe («4eTKO pas/uyuMoe») modoxenue crpeaxd, CBOW TOUKY 3peHus
OHHM apPryMeHTHPYIOT CCHIIKOH Ha TO, 4TO K MAaKDPOCKONHYECKHM OObeKTaM MpHMe-
HHMa KjaccHyecKasi MeXaHMKa, a COCTOsiHMA BuAa (2) He UMeOT aHaJOTOB B KJjac-
cuyeckoil TeopuH. [J0Q06Hbie - apeymenToL NPOTUBOPEUAT COBPEMEHHOE KBAHTOBO-
mexanuyeckoll reopuu. JIBUKeHHe MaKpPOCKONHYECKOrO Teja AEHCTBUTEIbHO MOXKeET
6bITh aZeKBAaTHO OMHCAHO C MNOMOIUBI0 KJIACCHUECKHX YDPaBHeHH[ ABHKEHHUS, eC/H
COCTOsIHHe TeJa JOMyCKaeT Kjaccuieckoe onucanue, [locnennee aomymenwe, co-
TJIACHO COBpEMEHHOM TeOpHW, BLINOJHsercst He Bcerga. O6 3TOM fCHO, XOTH U B
HeCKOJbKO TpOTecKHOH (opMe, CBHAETENbCTBYET IIPEAHHrepOBCKHi Mapajokc ¢
Kollko# (cM. [34—36]). Kpome Toro, mposesienHOe ceiftuac HaMH 0GCYXA€HHe ONbITA
Illtepna — I'epiaxa HarsHO MOKa3biBaeT, 4TO B NPHHIIMNE MEXKAY BEKTOPOM CO-
CTOSIHUA, ONpeleNiieMblM NIPABOH UACTBIO COOTHOLIEHHA (2), A CMECHLIO COCTOSHHUM
(3), XxaXpgoOMy H3 KOTOPHIX OTBeuYder BHOJe ONpefejseHHOe MNOJOXKEHHE CTPEJIKH,
HMEIOTCA 3aMeTHHE pasdjuuud. [TozgHee Mbl KOCHeMGs TpenJIOXKEHHA O TaKOR MOIH-
(uKanMM KBaHTOBOMEXAHHYECKHX YPaBHEHHH ABHXKeHHS, MPH KOTOPOH pe3yJsbTar .
H3MepeHHsi CMOXeT OhITh CMecvio cocTosHuill (3) maXe B TOM CAY4ae, ec/ay Haualb-
HOe COCTOSIHHe ONHCHLIBAJIOCH BEeKTOPOM COCTOsHHS (2),
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CaenoBatenbHo, BekTopbl A®Y) 06pasyloT OpTOHOPMHPOBAHHYIO
(x0T, MO-BHAMMOMY, H He IOJNHYIO) CHCTEMY

(A(D'V), A(UU«)) — 690‘ 6'vu.' (5)

U3 nnnHefiHOCTH ypDAaBHEHHA [BHXKEHHS cCJjelyeT, YTO eCJH Ha-
yaJbHOE COCTOsIHHE O0ObeKTa H3MepeHHsl ObLIO jauHedHOH KoMmOGuHa-

HHei Zavcm, TO COCTCAHHE CHUCTEMBI «OOBEKT IIIOC IPHOOP» Hoce
H3MepeHusi OyeT CMeCbio COCTOSHUA

A(D) X Zavo,(v) — Zav [A(OV) X G,(V)] — (D(D) (6)

C BEPOATHOCTAMH Py. ITa CMech B CHJY NPHHATHIX AONYIIEHHI 3KBH-
BaJieHTHA CMECH OPTOTOHAJBHLIX COCTOSHUH

\y(uk) — 2 x‘()uk) [A(pu) X O.(u)]. (7)

o

Aro Haubosee OBMMI BHA COCTOSHHI, B KOTOPHIX M3MepseMasi Be-
JHYMHA MMeeT CTPOTO Onpeje/ieHHOe 3HaueHHe Ay, a COOTBETCTBYIO-
iee COCTOSIHHE OOBEKTa H3MePeHHs CBA3aHO ¢ HEKOTOPHIM COCTOSI-
HHeM H3MepHTeJbHOTO NMpHbopa (OILHI/IM M3 COCTOSHHMI Zxﬁ,”k)Am”)),

Y
onpele/sieMBIM [OJOXKeHHeM CTpejkd U, Kpome Toro, ecnun Py —

BEPOATHOCTb COCTOSIHHSA WRY 10 TOJIKHO BBIIOJHSITHCS PaBEHCTBO
—_ 2 :
%Puk—[aul ) (7a)

Koadduunents x(#¥, ecrecTBeHHO, 3aBUCAT OT a.

Onnako okasblBaercs, 4To CMech COCTOSIHME (D® He MoXeT Ofi-
HOBpeMEeHHO OniTh cMecbio cocrosiHuil WkA) (3a uckaloueHHeM TOro
cJydasi, KOTAa JIHMb OAMH M3 KO3(Pp)HIHMEHTOB o OTJIHUEH OT HYJs).
Uto6nl cMech cocTostHull DP) Geisia cMechbio coctosiHuil WHH, nogxk-
HO BBIMOJHATbCA HeoOXOAHMOe yCJaOBHe: cOocTOoAHHA WHR) monKHH
6bITh JHHEHHBIMH KOMOHHALHAMH cocTostHHE @®. Ecau 310 ycno-
BHE€ BBINOJNHEHO, TO BCerja MOXHO HAUTH KOsh(UUUEHTH u, Takue,
4To

; xgzk) [ AW ¢ Gtu)] — k) % upq)(p) —_ pzv Ugly [ AP 0,(v)]. (8)

B cuny suuefinoit HedaBucHMoctH A(®Y) U3 3TOrO paBeHCTBA HMeeM
—_ k).
upav - 6vp,x£>u )’ (83)

nocjeHee Xe COOTHOIIEHHe He MOXKeT BHINOJHATbCA, ecad OoJiee
yeM ofuH Ko2¢¢dHIMeHT o OTJHuYeH OoT Hyaa. OTciona ciemyer, YTo
[IpeANOJIOXKEHHEe O BO3SHUKHOBEHHHU MOC/e H3MepeHUs COCTOSHHS CH-
cTeMbl «OG'BEKT MJIOC NpHOOpP», NMPEACTAaBUMOTO B BHAE CMECH CO-
CTOSIHHH, Ka)/10€ U3 KOTOPHIX COOTBETCTBYET CTPOro ONpejieNeHHOMY
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MOJIOXKEHHIO CTPEJIKH, NPOTHBOPEYHT KBAHTOBOMEXAaHHUECKHM YpaB-
HEHUSIM JABHKEHHS.

Hrak, Mel ¢ HEOGXOXMMOCTBIO IPUXOAHM K BHIBOLY O TOM, YTO
uamepenus, ocTasAfoujue cucTemy «06sexT naoc npubops 8 00HOM
U3 COCTOAHUL ¢ onpedeseHHbIM NOAONHCEHUEM CTPEAKU, HeAb3s Onu-
CaTob ¢ NOMOULDIO AUHeliHblx 3AKOHO8 KBaHTOB0L Mexanuku. Craeno-
BaTeJbHO, €CJU TaKie H3MepeHHs CYLeCTBYIOT, TO KBaHTOBas Me-
XaHWKa BepHA JHIIb B OrpaHUYEHHBIX Npefenax. Takoe 3ak/IIOUeHHE
OOJKHO OBITh H3BECTHO MHOTHM, XOTS TOJBKO 4YTO IPOBEIEHHOTO
noApo6HOro J0KAa3aTe/bCTBA 4O CHX IOP HUKTO He jgaBaJjl. JIIoABUT
B ['epmannu M aBTop Hacrodlledl CTaThH HE3aBUCHMO BbICKA3aJH
NpeNNoJoXKeHHe 0 HeOOXOAHMOCTH TaKoil MOAAQGUKAUHK KBAHTOBO-
MeX2HHYECKUX YPABHEHHH ABMKEHHs, KOTOpas Obl AONycKaja OMNH-
CaHHe BHILIEYIOMSIHYTOrO THNa H3MepeHuii [41, 42]. dto mpennoxe-
HHe 0 CHX IOop MOAPOOHO He 06CYXKAAanoch, NOTOMY YTO OHO OBLLIO
BBICKA3aHO JHUIb KaK INPeNNOJOXKeHHe H B HACTOsIlee BpeMs elle
He HMeeT J0Ka3aTeJbHOH cHUAbl. M XO0TS OHO BIIOJIHE MOKET OKa-
3aTbesl NMPABUABHBIM, BCe K€ TPUXOAMTCA TNPH3HATbL, YTO NOKa
e/IMHCTBEHHO OOOCHOBAHHOH CPeAM H3BECTHBIX TeOpuil H3MepeHHs
HYXKHO CUHTaTh OPTOAOKCaAbHYIO Teopuio. V3 takoro npusHanus
¢ HeoOXOOHMOCTBIO CJIeAyeT [AYyaJHCTHYeCKast TeOpHUst H3MeHeHHH
BEKTOpA COCTOSIHHS, ¥ B YaCTHOCTH peNyKUHs BeKTOpa COCTOSHHS.
Ojnaxo Ha paHee NOCTABJEHHBbIA BONPOC MBI [OJIKHBL OTBETHUTH
yTBepAuTE bHO: cyllecTByer [41, 42] HenpephIBHBI Nepexof MeKALy
BEKTOPOM COCTOSIHMA (2), MOJYyYEeHHBIM Ha OCHOBe OPTOHOKCAJbHOH
TEOPHH, U HeoOXOLUMOH CcMecblo cocTOsHHI (3), moctynupyeMoi 6o-
Jiee UHTYUTHBHOH TeOpHeH H3MepeHus.

YTO TAKOE BEKTOP COCTOSTHUSI?

BekTop COCTOSIHHA HrpaeT HACTOJNbKO BaxKHYK Polb B GopMmy-
JIHPOBKE KBAHTOBOMEXaHHYECKOH TEODHHM, UTO 3Ty POJb JKejaTesJbHO
o6cynuTh moipobuee. Kpome TOro, HaMm HeoGXOIMMO 3HAaTh, KaKHM
0o6pa3oM MOKHO ONpeldenHTb BeKTop cocrtosuus. [lockoabky (co-
IVIaCHO KBAaHTOBOH MexXaHMKe) BCsl MHGpopMauus mosaydaercss B ¢op-
Me pe3yJabTaTOB H3MepeHHs, CTaHJapTHbHI CNOCOG MOJMydYeHHS BeK-
TOpa COCTOAAHHS TaKe CBOAMTCA K IPOBENEHHI0 H3MEpeHHH Haj
cHCcTeMOlt 1).

1y CyiectBylor, OfHAKO, # ApPYrHe Crnocobbl, O3BOJSIOLINE IIPUBECTH CHCTEMY
B onpejenenHoe cocTostHHe. OHH OCHOBAHHL Ha TOM OGCTOSITeJIbCTBE, YTO MaJas CH-
cTeMa, B3aHMOAEHCTBYsI ¢ GOJIBLION CHCTeMOH, HaxoAsueHcss B oONpelel]eHHOM H
XOpOIO M3BECTHOM COCTOSHWH, CAM@ MOZKET MOYTH ¢ a6COMOTHOH JOCTOBEPHOCTHIO
NepexoiuTh B ompejeleHHoe cocTosnue. Tak, BO30YyKAECHHbIN aTOM BOAOPOMA, eClH
ero NoMecTHTh B GOJBUION KOHTelHep, BHYTPH KOTOPOTO HeT H3JIyYeHHs, C BEPOAT-
HOCTBIO, TIOUTY PaBHOH eAuHHIe, MepellacT BCIO CBOIO SHEPTHIO MO0 H3JIYYeHHS
KOHTefiHepa W mepefiler B OCHOBHOe cocTosiHHe. Ha 3TOT cnoco® «HpHroTOB/ICHHSY
¢ocTOAKH ocoboe BHHManue obpaiman Mapreuay. v
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Uro6bl OTBETHTH Ha INOCTABJEHHLIH BONpoC, HeoOXOAHMO Tpe-
KJIe BCero BbIBeCTH (POpMyJy [Jis BEPOSITHOCTH TOTO, UTO MOCJAEHO-
BaTe/ibHble H3MEPeHHd, IIPOM3BOAMMBIE HAJ CHCTEMOI, NPUBELYT
K HEKOTOpDBIM 3apaHee 3aflaHHBIM pe3yJjbTaTaM. Mbl BhiBegeM (op-
MyJy BePOSTHOCTH W B npencraBnenun Hlpenunrepa u B npexpcras-
jgenun Teiizen6epra. Ilycth Ham cucTeMOd B MOMEHTH BpEMeHH fy,
to, ..., tp NPOU3BOAUTCS 1 NMOCJAEAOBATEIbHbLIX H3MepeHHA. OGosHa-
uum  yepes Qi Qo ..., @, oOflepaTopbl H3MEpPSIEMbIX BEJAHYMH
B npencrapienuy llpexuurepa. CoGcTBeHHble BEKTOPH 9THX Omepa-
topop OyneM 0003HayaTbh GYKBOH 1\ C COOTBETCTBYIOLIMMH BepXHHMHU
HHJIeKCaMH, a cOGCTBeHHble 3HaueHns — OyKBoil g. Torna

Q) = gy, ©

B npencrasienuu I'efisen6epra u3amepseMblM BeJuuHHAM (eC/aH H3-
MepeHHs1 NPOH3BOAMINCH B COOTBETCTBYIOIIHE MOMEHTHI BpeMEHH)
0TBevaloT OIepaTophl

H_ iHt,~  —iHt
Qi =e 7iQje I (10)
Hx coGcrBeHHble BEKTOPH Mbl 0603HauuM uyepes @ff, rae
() __ th (/) H () (j) (1)
P Ipa’s PP = Gn Pu (10a)

Ecan @ — Haya/bHBI BEKTOP COCTOSIHMS, TO BEPOATHOCTb MOSIBJIe-
HUsl nocJepoBateabHocTh ¢, g, ..., g{® pesyabratoB uamepe-

HHUs paBHa KBaJapaTy MOZRYJS BbIpaxKeHHs
(e~ HHHD, PP) (e~ gD, ) . . (e—iH(fn”n_l)%nw, V). (11)

To ke BHIpaxKeHHe € HOMOILLK COOCTBEHHBIX BEKTODOB OlepaTOpPOB
B npejctas/eHuy [efisenbepra 3anucbiBaercs mpoLie:

(@ o) (@, @) .- (a0, o). (11a)

Cneayer 3aMeTHTb, YTO HCKOMasi BEepPOSITHOCTb He ONpepessercs
n refiseH6eproBCKUMH OlNepaTtopaMu Q;Tf U HUX COOCTBEHHBIMH BeK-
TODaMH: pe3yJbTaT CYLIeCTBEHHO 3aBHCHT OT HOCAe008QTeAbHOCTU
[HPOBOMMBIX H3MepeHHll 80 8pemexu. DTH BHIPaXKEHHs, TaK XKe
Kak K ux o0oOIleHHsT Ha caydail, Korga coGCTBEHHBIM YHCJAaM
g¥, g, ... OTBevaeT MO HECKOJBKO COGCTBEHHHIX BEKTOPOB, BbI-
Ben eme ¢oH Heiman. Ilpn paccMoTpeHHH KpaTHBIX COGCTBEHHBIX
3HauyeHH# yNOOHO BBECTH NPOEKIMOHHbLIE ONEPATOPH AJA KaxKAOro
co6GcTBeHHOTO 3HaYenus gU) refizen6GeproBCKOro oHepaTopa QY. Ecan
Pjx— TaKoil onepaTop, TO BEPOSTHOCTb NOSIBJIEHHs MOCJEI0BATENb-
HOCTH pesy/bTaToB HaMepenus ¢, ¢, ..., ¢ pasHa

(Pnp. e P25Plaq), Pnp. v P25P1aq))* (12)
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Boipaxenus (11) u (11a) MOXKHO MOJYYHTH TakikKe, NPHHNB MO-
CTY/IaT O TOM, YTO BEKTOP COCTOSIHHMA nepexoauT B Y Beskuil pas,

KOrjJa IpH H3MepeHHH BeJHYHHB QU0 moayuyaercs uucao ¢, Iedt-

CTBUTECJIBHO, YTBEDPXKAECHHE <«BCKTOD COCTOAHHA COBIAAaeT C ‘\IJSKI)»

ecTh He YTO MHOe, KaK KPaTKOe BbIpaKeHHe HMEHHO TOro (akTa,
YTO B pe3yJibTaTe MOCJEAHEro NMPOH3BEIEHHOIO HAL CHCTEMOH H3Me-

peHHsl BeJuunnbl QU) noayueno uncio §i)- B ciyuae mpocThix co6-
CTBEHHBIX YHMCEJ BEKTOp COCTOSIHHSI 3aBHCHT JIHLIL OT pe3ysabTara
MoCJIeIHET0 H3MepeHHs,  OyAyllee NOBeIeHHEe CHCTeMbl He 3aBHCHT
OT BCell ee mpeabicTOpud. MHaue oOCTOMT Heno, ecqu COGCTBEHHOE
3HaueHHe gU) KpaTHoO.

B stoM cayyae nmauosiee MpOCTOe BHIpayKeHWe JJf BEKTOpa CO-
CTOAHHS B TIpeicTaBjeHuu [eiisenfepra Opu ycHOBHH, YTO j-€ H3-

MEpEHHe AaJo YHCJI0 q(,{)’ UMeeT BUL
Pi .. PogPi® (12a)

[BekTop (12a) Heo6xomuMo ellle HalJexaluM o6pa3oM HOPMH]O-
BaTtb]. Ecin Buipaxkenue (12a2) mocie HOPDMHPOBKM He 3aBHCHT OT
HAYaJbHOTO BeKTOpa cocTosiHua M, TO YHCI0 U3MepPEHHH NOCTATOYHO
JJisl TIOJIHOTO OMHCAHHS COCTOSIHHSI CHCTEMEI, H MBI [IOJIy4aeM YHCTOe
cocrosiiue. Ecin ke Bektop (12a) mocse HOpMHPOBKH Bce elle 3a-
BHCHT OT HauyajbHOIO BeKTOpa cocTosinusg @, a cam HayaJbHBIN
BEKTOP HEH3BECTEH, TO COCTOSHHE CHCTEMbl €CThb CMeCh COCTOSIHHH
(12a) co Bcemu BosMoxkHbIMH . V3mepeHHe eIUHCTBEHHOH BeJH-
yuubel Q, Bce COGCTBEHHbIE 3HAYEHHS KOTOPOH HEBBIPOXKIEHHI, HO-
CTAaTOYHO AJis TOTO, 4TOGBI NPHBECTH CHCTEMY B YHUCTOE COCTOSIHHE,
XOTs1 CKa3aTh 3apaHee, B KAKOe H3 YHCTHIX COCTOSHUH Mepeilaer
cucreMa, B O0IEM ciyyae HEBO3MOXKHO.

Wrak, U3 HamKUX paccykKAeHHH ClefyeT, UTO B BEKTOPE COCTOA-
HHS B CKATOM BHJe 3aleyaT/eHa Ta vYacTb Hameél HHQOpPMaUuu
0 MpOLILIOM CHCTeMBbI, KOTOpas CYIIECTBEHHA MJA MpeIcKas3aHus
(HacKOJMBKO 3TO BO3MOXHO) ee IoBefeHns B Oyayuiem. Kceratu
CKa3aTh, aHAJOTHYHYIO POJIb UTpaeT M Marpuila HJAOTHOCTH. Ejxun-
CTBEHHOE pas3/jHuYHe COCTOMT B TOM, UTO OHa HpeAcKasbiBaer Gy-
Ayliee CHCTEMbl He CTOJb NOJHO, KaK BeKTop cocrostHus. Hrak, MBI
3akJII0uaeM, YTO 3AKOHbl KBAHTOBOU MEXQHUKU NO380AA10T NOAY-
YUTb AULLL BEPOATHOCTHLIE KOPPEAAyuu Mmexdy pesyrvTaramiu no-
credosaresvHblx  HabaroOenull, npoussodumolx Hald cucremod.
[MpaBna, 3akoHBl KJacCHYeCKOH MeXaHHKH TakKike MOKHO cdopmy-
JUPOBaTh B TeDMHHAX BEPOSATHOCTHBIX KOPPeNALHH MeXAY Iocie-
LOBaTeNbHO NPOBOXMMBIMU H3MEDEeHUSMH, HO OHH JHONYCKalOT H
apyryio ¢opMyJHPOBKY — B TepMHHAX OOBEKTHBHOH DPeasibHOCTH.
34aKoHBl Ke KBAHTOBOM MeXaHHKH — H 3TO OYeHb BaXHO.— (OpMy-
JIMPYIOTCS JIMLIb B TePMHHAX BEPOATHOCTHHIX KOppesuuil.
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[TPOBJIEMbBl OPTOJOKCAJIbHOM TEOPHU

. HecoBmecT#MOCTb HHTYUTHBHOIN HHTEpPHPETAUHH 3aKOHOB KBaH-
TOBON MeXaHUKH ¢ YPaBHEHHSIMH JBHKEHHsS W, B YaCTHOCTH, C NMPHH-
HUMOM CYIEpPMO3HIHH MOXEeT 03HAUaTb HeOOXOAMMOCTb COXPAaHEHHS
JIHITB OPTONOKCAJbHOH HHTEpIPETALMH, HO MOXKET HMeTh M JpPYyroH
CMBICJI — O3HauaTh HEOOXOAMMOCTH OTKa3a OT HIpHHIHMIA Cymnepro-
3auMd., JIJig 3TOr0 MOMKHO BOCIIOJIB30BATLCS Pa3JHUYHBIMH CIIOCO-
Gamu: TeM, KOTOpBIH OBl ykasaH Jliogsurom, crnocobom, mpepJo-
JKEHHBIM MHOH, MJH KaKHM-TO TPETbHM, €llle HEeH3BECTHBIM CIIOCO-
oM. JIujaeMma, ¢ KOTOPOH MBI CTaJKHBaeMCs NPH OCYLIECTBJEHHH
Haleli HpOTpaMMBbI, [AeJAeT KeJaTelbHEIM daHAaJHM3 BCeX CaAabbix
MeCT B JIOTHUECKOM ODOCHOBAHMH OPTOHZOKCAJBHON HHTEPNpETALHH.
Takomy aHaJau3y ¥ HOCBALLAeTCA 3TOT NOCJAEAHHH pasjen Hallel
CTaThH,

B soruyeckoM 0OOCHOBAaHUU OPTONOKCAJbHOH TEOPHH # CUHTAIO
HauboJjiee YsI3BUMBIM YHCTO aBCTPaKTHOE NOCTYJIHPOBAHHE B3AHMO-
JdeficTBUM, YKa3aHHBIX CTPeJKaMH B cooTHouweHusax (1) unu (4). Hu-
KTO BCepbe3 He BEPUT B CYIIeCTBOBaHHE H3MEPHTENBHOIO IpuHbopa
/51 HEKOTOPHIX, a B JAEHCTBHTEJBHOCTH AJs OOJBIIMHCTBA HaGJIIO-
JnaeMbix (TakuX, Kak Xxyp;). MoXHO Hake mokasaTh, YTO HH OJAHY
HabuomgaeMylo, He KOMMYTHUDYIOUIYIO C aAJHTHBHBIMH COXPaHSIO-
IHMHCA BeJHYHHAMH (HaIOpHMep, ¢ MMIOYJIbCOM, YIJIOBBIM MOMeEH-
TOM HJH C 3JEKTPHYECKHM 3apSAOM), HeJdb3s HU3MEDHTH TOYHO, H
IS YBEJMYEHHsT TOUHOCTH H3MepeHHsi HeOGXOAMMO IOJb30BAThCS
M3MepHTeJbHEIM NpPHGOPOM OrpOMHBIX pasmepoB. Ilpocreiimree us
H3BECTHLIX B HACTOSILIEE BPEMSI JOKA3aTeJbCTB 3TOTO YTBEP:KACHHS
naau Apaku u $fluase [43]'). C gpyroft cTOpoHBl, 6OJBUIHHCTBO Be-
JHYHH, B H3MEPHMOCTb KOTODHIX Mbl TBEPJAO BEPHM, H 3aBEIOMO
Bce HaHGoJee BaXKHble BeNHUHHB (HANpHMep, NOJOXKeHNe, HMIYJ/IbC)
He KOMMYTHPYIOT CO BCEMH COXPaHAMIOMIMMHCA BeJHUMHAMH, U HX
H3MepeHHe HeJb3sl OCYIIECTBHTb C INOMOILIBIO MUKPOCKONHYECKOTO
npu6opa. Orciofia BO3HHKaeT MOJO3pPeHHe, YTO MaKPOCKONHuecKas
NpUpoJda H3MEPUTEJbHOrO NpuHbopa NPHHUHINAMBHO Heo6XOauMa,
¥ y Hac cHoBa NMpoOYXNaloTCs COMHEHHA B CNPaBeAJMBOCTH NpPHH-
[LHMA CYNepno3ulLUy AJs Npolecca M3MepeHHs, KOTOPble M paHblie
OblJIM CBA3aHBL C MAaKPOCKONMYecKOH NpHuponoit npubopa. Bekrop
cocTosiHust (2) cucTeMbl «0GBeKT IIIOC NPpHGOP», HOJydYalONHHCs
B pe3yJbTaTe H3MepeHHs C NOMOUIbI0 O4eHb GOJbWOro npubopa,
TaK e HeaAb3s OTAUHUTL OT CMecu, KakK ¥ BEKTOP COCTOSHMH, MO-
JAyd2BUIMiics B PacCMOTPEHHOM HamM 3kciepuMente Itepna —
[epaaxa?).

1) Cwm. Takxe paGory [44]. ,
%) Ha 310 0o6paTni BHEMaHHe elie Bom. Cm. paspen 22.11 B ero KHure [45].
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Co BTOpOH, XOTA H MeHee Cepbe3HOH, TPYAHOCTbIO Mbl CTaJIKH-
B4eMCSl IIPH MONbITKE BBIYHCJIUTH BEPOATHOCTb TOrO, 4TO B3aHMO-
JeHCTBHE MeXAy 06beKTOM U NpHOOPOM MO caMOH CBOeH NMpHpPOE
JONYCKACT CYLIECTBOBaHHe TAaKHMX COCTOIHMA oY), [OJs KOTOPBIX
crnpaBefJuBo cooTHomlenue (1). HanmoMHuM, 4TO B3auMomelCTBHE,
NpHBOAsAILIEE K 3TOMY COOTHOLICHHIO, YAOBJETBOPAAO JHIIL OZHOMY
TOCTyJ/1aTy: B3aHMOZEHCTBHE NOJKHO OBITh TAaKMM, YTOOB! uU3Mepe-
Hie ObiI0 BO3MOXKHBIM. ['OBODSI O BEPOSATHOCTH TOrO HJH HHOTO
B3aUMOJEHCTRYs, 51 MOHUMAK ee B cMblciae PoseHnpefira nian Jaii-
cona [46—>51], paccmorpeBmnX aHcaMOJaH BO3MOXHBIX B3aHMOAEH-
CTBHI U OIIpeLesNHBUINX BePOSTHOCTH HEKOTOPBIX THUIOB B3aHMOMel-
ctsufi. Ecan NpUHATE HX oNpefeneHHe (WM KaKoe-HUOYIb aHAJO-
THUHOe OMNpejeseHHe), TO BEPOATHOCTb B3aMMOAEHCTBHA, MPUBOMS-
ero K COCTOSAHHAM o), yAOBJETBOPAIOMHUM cooTHoweHuwo (1),
Oymer paBHa HyJw0. JlOKa3aTeJbCTBO 3TOTO pe3yabTaTa MPOBOAUTCA
[OUTH TaK e, KaK [0Ka3aTeJbCTBO PABEHCTBA HYJIO BePOSTHOCTH
OTBICKAHHUS CaMOBOCIPOU3BOIsillefics cucTeMsl [52], u 310 He cay-
yaliHO: B CHJY cooTHomieHus (1) Kaxkpoe cocrossHue o) MOXKHO
paccMaTpHBaTh KaK CaMOBOCIPOH3BOAAILYIO cuUCTeMy. Brixon u3
CO3JaBIIerocs 3aTPYNHEHHS COCTOUT, NO-BUANMOMY, B TOM, YTO €CJH
CHCTEMa C BEKTOPOM COCTOfIHHS 2 (T. e. mpHGOp) OueHb BeJHKA,
TO cooTHoUleHHe (1) BBIMOJIHSIETCS TOYTH TOYHO. BO3MOXKHOCTL H3-
MepeHusi TakKKe JOJXKHA CYLUIECTBEHHO 3aBHCETb OT OOJBIIHMX pPas-
Mepor npubopa.

Ecay onmyCcTHTh TeXHHYECKHE NMOAPOOHOCTH, TO HTOT TeX BLIBOAOB,
K KOTOPBIM MBI NPULIJIH, NPOAHAJM3HPOBAB OPTOLOKCAJBHYIO HHTE-
OpeTannio KBAaHTOBBIX 3aKOHOB, IIPOIE BCero CPOPMyJMpPOBATH TaK:
KBAHTOBblE 3aKOHbI II0O3BOJIAIOT MOJNYYHTD JIHIIb BEPOSATHOCTHBIE KO-
pessiliid MeXIY pe3yJbTaTaMH HEeCKOJbKHX IOCJAENOBATENbHBEIX Ha-
Gmogenuii Hapx cucreMmofl. Takoe 3akmioueHHe BIOJHE pa3yMHO:
HOCKOJIBKY YCTAHOBJEHO, YTO B HAIIMX H3MEPEHHAX HEeH36exKHO
ocTaeTcsl HEKUil CAydalHBIH 9JEMEHT, Mbl, eCTECTBEHHO, CTPEeMHMCSH
K YCTAHOBJIEHHIO CTATHCTHYECKHX KOPPeNsLUH MeXIy M3MepeHUsMH.
B npuBeneHHOHl Bblle (OPMYJHPOBKE HAMIEr0O BbIBOJA HECKOJDbKO
HEyJIauHO BhIpaKeHHe <IOC/eJ0BaTe/IbHbIX HaGMIOJeHNH», TOCKOIbKY
3a HMM KPOETCs HepeasaTHBHCTCKoe NMoHATHe. JefictBuTesibio, 60Jb-
IMHHCTBO HAOMIONEHHH HEJNOKAJBHO U XapaKTepH3yercs ONpeieleH-
HOU MPOTS2KEHHOCTBIO BO BPEMEHH, T. €. HEeKOTOPOH MHHHMaJjbHOM
UpOHOJIKHTENbHOCTRIO. «HabmonaemMbley xe CYLUIECTBYIOLIEH HbBIHE
TEOPUX MTHOBEHHBI (T. €. HMEIOT HYJAEBYI0 NMpPOAO/KHTENbHOCTL) H,
CJIEIOBATENBHO, He IPHHALIEK AT K UHCAY PEeNSITHBHCTCKHX HOHSTHH.
‘ExnncTBeHHOEe MCKJIOUeHHE COCTABMSIOT JOKaJbHBEIE MOJIEBHE Olle-
patopel. M3 araausa xe, nposedeHHoro bopom u Posendenbaom
(cm. [53—56]), MBI 3HaeM, CKOJbKO KpaliHe aGCTPAKTHBIX NOHATHIH
NPUXOIUTCS BBOAUTL JJIsT ONUCAHHA H3MEPeHHS MOJEeBBIX BeJHYMH.
Takoe 1n0JI0KeHHE €] HEJMb3sl CYHTATh 0COOEHHO 00HALEeKHMBAIOLINM.

.
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Bce Tpu TOJBKO uTO paccMOTpeHHBble npobJjembl (HIH MO Kpai-
Hell Mepe ABe H3 HHX) BnoJHe peaJbnbl. HeGecnosnesHo nostomy
elle pa3 [OAYEPKHYThb, UTO. BCE OHH SfIBASIOTCS mpobJaemamu ¢op-
MaJibHOH, MAaTeMaTHYeCKOH, TEOPUH H3MEPEHHUA H ONHCAHHS H3Me-
PeHH#, NPOU3BOAMMBIX C INOMOIIBI0O MaKPOCKONMHYECKHX TMPHGOPOB.
Hassauursie npo6ieMbl He 3aTparuBaioT BBIBOAA O TOM, UYTO B HEKO-
TOPBIX CAYYasiX NPOMCXOAHUT «CTATHBAHHME BOJHOBOTO MaKeTa» (XOTs
370 BBIpaykKeHHe He CJHIIKOM YyAaunHo). PaccMorpuM, Hanpuwmep,
CTOJIKHOBEHHE NPOTOHA M HelTpoHAa. [1peAnosoXKHM, UTO Mbl HAaXO-
AHMCS B CHCTEME KOODJAHHAT, B KOTOPOH LEHTP MacC CTaJKHBaIO-
WHXCS YacTHI[ NOKoutTcs. Ecau paccmMaTpuBaTbh HepacCesiHHBIR Tmy-
YOK, TO OUYeHb XOPOIUHM NpPHOJHIKEHHEM [AJF BEKTOPA COCTOSIHHS
(TOCKOIbKY TPOHUCXOJIUT TOJABKO S-paccesivie) GyAeT BbIpaXKeHHe

Y (rp, ry)=rletkrw(r), (13)

rge 7 = |rp—rn| —paccrosHHe  MexIy ABYMSl  uYaCTHIAMH,
a @(r) — HekoTOpas MeJJEHHO MeHsoWlascs 3aryXawomas (QYHK-
uua, obpalanilascsa B HyAb UpH r < ro— Yo u r > ro + Yic, fo—
cpeaHee pacCTOSHHE MeEXKIY YacTHLAMH B PacCMaTpHBAaeMBIl Mo-
MEHT BPEMEHH, a ¢ — JUIMHA KOT€PEHTHOCTH Nyuka. Kak ToJbKO Ml
IPOW3BOAUM H3MepeHHe HMIYJbca OXHON YacTHHbl (BO3MOKHOCTD
TAKOro M3MepeHus cunTaeTcs 6ecCNOPHOH) U 1ojyyaeM BeJHUMHY P,
BEKTOpD COCTOSIHHS JAPYrOil YacTHULI NEePEeXOoXHUT B IUIOCKYIO (cjerka
3aTyXamollyl) BOJHY ¢ uMIyjibcoM —p. Ham pesynprar sxsusa-
JIGHTeH YTBEpKIEHHIO O TOM, UYTO MOC/e H3MEepeHHst UMIYJALC BTO-
po¥l yacTHIBI OKasasjcsi PaBHBIM —P, U CJelyeT M3 3aKOHa COXpa-
HeHHA MMIOyJikca. K TOMy e BBIBOLY NPUBOASIT M YHCTO POpMaib-
Hble BBIYHCJEHHSI BO3MOXKHBEIX Pe€3YJbTATOB OJHOBPEMEHHOTO H3Me-
DEHHST HMIIYJIbCOB OGEHX YacTHIL.

MoXH0 mo#TH elile Aajbliie H BMECTO HMIIYJIbCA OMXHOHM YaCTHIHI
U3MepsITh €€ YIJOBOH MOMEHT OTHOCHTEJbHO HEKOTOPOI (UKCHPO-
paHHo# ocul). Ecau B pesynbraTe H3MepeHHSA MLl NOJYYHM BeJIH-
yuHy mf, TO BEKTOD COCTOSIHHSI ADPYTOH UaCTHUbI CTaHET UHJIHHIDH-
yeCKOB BOJIHOH, V KOTOpPOH Ta XKe KOMIIOHEHTa YIJIOBOTO MOMEHTa
paBHa —mh. DTO yTBepXKJACHHE TaKKe 3KBHBAJEHTHO YTBEDIKACHHIO
O TOM, 4TO H3MEpeHHe YKA3aHHOH KOMMOHEHTHI YIVIOBOrO MOMEHTa
BTOPO#l 4YACTHIBI C BePOSITHOCTBbIO | MPHUBOAMT K 3HAUYEHHIO ——mihi.
Tak Xe KaK H B Cjlyuae HMIYJbca, NOCJAENHEE YTBEPKJIECHHE MOKHO
BHIBECTH M3 3aKOHA COXPaHEHHs YTJIOBOTO MOMeHTa (PaBHOTO HYJIIO
IJIS CHCTEMB! [BYX YACTHII) WJIM MOJYYHTh C MOMOIUBI (HOpMaJb-
HBIX BbIKAAL0K. CileoBaTesNbHO, «CTArHBaHHUE BOJHOBOTO MaKeTas
NPOMCXOMUT U B 3TOM cJyudae.

1) AnajIorHYHYI0 CHTyaumio paccMartpusaiu Dfnwrtein, [logonbckmi g Po-
e [b7].
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B npeaviaymem npumepe GbLI0 6Bl OMIHOGOMHO YTBEPKIATh, UTO
Aaxe IO H3MePEeHHS COCTOSIHHE GBhIIO CMECBI PaCNpOCTPaHSIOUIHXCS
B [POTHBONOJIOXKHLIX HaNpaBJeHUAX [JOCKHX BOJH [ABYX 4YacTHU.
HeT HHKaKHX OCHOBaHMH 0XHJATh, YTO Y KaKOH-HHOYAL Maphl MJO-
CKHX BOJH OOHApyXXHTCS ONHCAHHAsl BHILIE KOPPEJSLHsS YILJIOBBIX
MOMEHTOB, H 3TO €CTeCTBEHHO, TaK KaK IJIOCKHE BOJHBI OTJIHYAKOTCS
OT UUJIMHIPHYECKHX M CBOHCTBA BeKTopa cocrosinus (13) He coBma-
Jal0T cO cBoicTBaMHU J1060H cmecH. Ila9 CTaTHCTHYECKHX KOppessd-
IMH, B SIBHOM BHJE€ INOCTY/JHMPYEMBIX KBAHTOBOH MeXaHHKO# (cylle-
CTBOBAHHE KODPENAUHH NOATBepXKAaeTcd 3KCIEePHMEHTaNbHO; CM.,
HanpuMep, 3kcnepumeHT Bore — Iefirepa), B HeKOTOpHIX ciayyasix
TpebyeTcad <«peAyKUMs BEKTOPA COCTOSIHHSI». ENHHCTBEHHOE, O dYeM
elle MOXKHO CIPOCHTb, — 3TO CJAEIYeT JIM [IOCTYJHDPOBATH PEAYKIIHIO
BEKTOpA COCTOSIHMA B TOM CJ/ydae, KOTLa -H3MepeHHe MpOH3BOIHUTCS
C HOMOIIbIO MaKpOCKomHueckoro npu6opa. Hekoroprie coobpaxe-
HHs, CBA3aHHBIE ¢ paBeHCcTBOM (8), MOKAa3bIBAIOT, UTO Ja)Ke Takoe
IOIyIIeHHe BepHO, €cAl KBAHTOBYIO MeXaHHKY CUHTATh HpHMeHHMOH
KO BCEM CHCTEMAM.
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BEPOATHOCTb CYUECTBOBAHUSA
CAMOBOCITPOU3BOJALIENCA CUCTEMBI ')

OBUIME 3AMEYAHUA

B cBoeM «AHaJuTHUECKOM HCC/IAEOBAHHH» MKH3HU H PasMHOMKe-
HUS opranu3aMos JDabsaccep [1] aHanusupyer cnocob xpaHeHHs HH-
dopmanui B KJAETKAax 3apOAbINIa, NO3BOAAWINEH 3THM KJAeTKaM
pasBHBaTbC B OPraHU3MBbl, NMOAOOHBIE POXUTENbCKHM — IOZOOHBIE
0o crnocoBGHOCTH B CBOIO OUepelb NPOU3BOAHTL 3aDPOMABIILH, KJETKH
KOTOPBIX COZepKaT HH(POPMALHIO TOrO Xe Tulla. XOTsl aBTOP U He
pacrojaraeT TOYHBIM HAOKAa3aTe/JbCTBOM, NIPHBEHACHHBIX HM BECKHX
(paKTOB BNOJHE A0CTATOYHOZ?), YTOOLI YTBEPXKAATb: <...CTPYKTYPY
6a60uKH, 3MeH, JAepeBa WJH ITHIB HeJdb3si MaTeMATHYECKUH BHIBECTH
M3 CPaBHATEAbHO KOMIIAKTHOTO Haopa OCHOBHBIX [IaHHBIX, XpaHd-
LEerocsi B XpomMocoMax... HeHnaMeHHOCTb NepemaBaeMoil U3 MOKoJe- -
HUS B IOKOJieHHe HH(OpMAalUHH... HeaJeKBATHO OMHUCLIBAETCA B Tep-
MHHAX MeXaHHCTHYECKOrO MNpUO/IHKeHUs». ABTOp HAHHOH CTATHH
TagKe OblJl IOTPsICEH YYAOM CYLIECTBOBAHHS KHUBBIX OPTaHH3MOB,
T. €. C TOYUKH 3peHusi QU3HKH CTPYKTYp, KOTOpble (€CTH OHH HMEIOT
IOCTYIN K OIpeJesleHHO#l NMUTATEeNbHOH Cpefie) pPa3MHOKAIOTCH, HHA-
ye TOBOPS, IPOM3BOIAT HOBBIE, TOXKJAECTBEHHHle cebe CTPYKTYpHI
V aBropa BO3HHKIO HOAO3PeHHe, YTO € TOYKH 3PEHHS] H3BECTHHIX
3aKOHOB (PH3HMKH CYIIECTBOBaHHE CTPYKTYP TAaKOH IPHUPOAH KpaiiHe
HEeBEPOATHO, M HACTOSILLYIO CTaTbio HAJJIeKHUT PacCMaTpPUBATh Kak
OTUET O PA3MBIIJIEHHSIX U BBIYHCJEHHUSX, NPEANPUHATEIX UM B 3TO#
cesizu3). Touka 3peHus aBTOPA HECKONBKO OTJHYAETCS OT TOYKH
3penusi djab3accepa. D/b3accep paccMaTpHBaeT CHOCO6 XpaHEHHs
B KJeTKax sapojiblmia WHpOpMaluuu, HeoOXOLHMOH AJst pPasBUTHSA
B3pOCJBIX OCOOeH, u NOKAa3biBaeT, YTO KJAeTKH 3apojblma He obJa-
JaloT CBOHCTBAMH, KOTODHIE, 110 MHEHHIO (H3MKa, Aejaju OBl HX
IPUCOAHBIMK [JIst XpaHeHus Oosbiminx o6beMoB HHbopMmanuu. Hac
XKe, Hao6oport, GoJiblie 6YAeT HHTEPECOBATb TO, YTO C TOUYKH 3peHHs

1y Ony6aukosano B cGopuuke: The Logic of Personal Knowledge. Essays in
Honor of Michael Polanyi, London, 1961, ch. 19.

2) [lockoabKy BCs KHHra dsb3accepa MOCBsILEHA ITOR TeMe, TPYLHO HalTH
onpejieieHHble OTPLIBKH, B KOTOPHIX OblIH Okl COOpaHLl BCe CBENEHHS, NMOATBEp-
XJAaoluHe NOoayueHHble BoiBOAE. TeM He MeHee OCHOBHOE HANpPAaBJIeHHe XO&a pac-
CYXeHHull aBTOpa 0cOGEeHHO OTYETJHBO BHIHO Ha cTp. 124—132.

8) Pe3yapTaThl 3THX Pa3MbILIJICHUH YNOMHHAIOTCS B cTaThe aBTopa «Hemocru-
®uMas 3¢(eKTUBHOCTL MaTeMATHKH B eCTeCTBEHHLHIX HayKax» [2], moMmemennon B
AaHHOf KHHre, A
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tu3uka BHINVISAHT 9YAOM: CYLIECTBOBAHHE CTPYKTYp, CIOCOGHBIX
HPOH3BOJAHTL HOBLIe, HIeHTHYHbIE cebe CTPYKTYpH !).

B kHure Dansaccepa He COLEPKHUTCA UYETKHX YKA3aHHE OTHOCH-
TeJLHO TOro, B KAKOM HAaNpapBJeHHH CJIeyeT MCKaTh pelleHHe IOo-
CTaBJEHHOH ee aBTOPOM NpobJjeMbl. Dab3accep MOCTYMHPYET cyle-
CTBOBAHHE HOBBLIX 3aKOHOB [IPHPOAbI, He CoJepXKalluxcsd B 3aKOHAX
KJIaCCUUeCKON (DU3UKH HJIM KBaHTOBON MeXaHuKH. OH HasbiBaeT 3TH
3aKOHB 6uOTOHUuecKkumu. B To e BpeMs OH yTBep:kKHaer, uTO HO-
Bbl€ 3aKOHBl INPHPOALI He HapyHIalOT ClIpPaBefJUBOCTH 3aKOHOB
KBAaHTORO! MexaHukH. [1OCKOJBKY KBAHTOBAs MeXdHMKA NpPETEHAYeT
HA YHHBEPCAJbHYIO NPUMEHUMOCTH B JIOOOH CHTyauHu H, KpOMe
TOTO, Ha TO, YTO BCe ee NpeAcKasaHUs AOJKHbH UMETh CMbIC]A, I10-
3ULHs, 3aHATAN DJAb3acCepoM, sIBHO NPOTHBOPEUYHBA., ENUHCTBEHHBIN
BBIXOJ H3 3TOTO MPOTHBOPEUHS, COrTACYIOLWUACST ¢ IYXOM BHICKA3aH-
HBEIX DJb3aCCEPOM HJIeH, COCTOHT B NPU3HAHHH 32 OHOJOTHYECKHMH
CHCTEMaMH TaKOH CJOXHOCTH, KOTOpast HeJiaeT 8 npuxyune HeBO3-
MGXKHBIM OIIHCaHHe HX IIOBeJleHHs HAa OCHOBe 3aKOHOB KBAaHTOBOMH
MeXaHHKH. DJb3accep JAajee NPUXOAUT K BLIBOAY O TOM, UYTO BbI-
YUCJINTE/IbHAST MalllMHA, KOTOPasi MOrJa Obl XpaHHTh BCIO HHPOpMaA-
IMIO, COAepKAamylocss B KJeTKax 3apojbllla, M0MKHA OHTb HEBO-
o6pasumo rpomosnkoil. CripaBeJMBOCTb TAKOTO 3aKJIOUEHHST TAKKe
COMHHTE/bHA: BIIOJHE BO3MOXHO, YTO € HOMOLIBIO aGCTPaKTHBIX
pacCyX)jeHHA W3 KBAHTOBOMEXAHWYECKUX YPABHEHHH YIAaCTCH Bbi-
BECTH TaKHe CJeACTBUSA, KOTopble OyAyT Jub0 BOCHPOH3BOAHUTD
BasKHble CBOHCTBA MKHUBBIX OPraHH3MOB, JHGO MM [POTHBOPEUHTS.
HMmvenno B 3TOM HalpaBJeHHH H NPOBOAHTCH HCCAeLOBaHHE, KOTO-
poMYy MOCBsilleHa AaHHAas cTaThsl. KpoMe TOro, KBaHTOBAast TeopHs
NO3BCJAET HaM OOBACHHTh MHOTHE CBOMCTBA TBEPABIX TeJ H JKUAKO-
crefl, a TOYHOE ONHCAHHE 3THX CBOHCTB COHEPKHUT CTOJNBKO K€ HH-
(opMaLUH, CKOJILKO MOXKeT XDaHMTECSI B KJeTKe 3apoAbiua. MoxHo
IPUBECTH elle OJMH apryMeHT NPOTHUB BbiBOJA DJb3accepa: HH OT-
Kyla He cJeAyeT, UTO KTO-HHOYIb, onHpasch Ha abCTPaKTHOE MbIL-
Jienye, He CMOXKET BLIBECTH HeKHe BCIOMOTaTesbHbie TEeOpeMbl, KO-
TOpble 3HAYMTENbHO YIPOCTAT 3a4auy, CTOSIULYIO Iepel BBIYHC/IH-
TeJbHBIMM MallMHAMH. B CHJYy BCeXx 3THX MPHYHH MBI CYHTAEM
MAaJIOBEPOSITHBIM, YTO YIIOMSHYTOE Bbillle NMPOTHBOPEUHE PA3PELIHMO.
BoJsiee BepOsATHO, UTO M3BECTHHIE B HACTOAILee BPeMs 3aKOHbI M MO-
HSTHS KBAHTOBOI MeXaHHKH NOTpeOYIOT HeKoTopoll Moaudukaiuu,
npexie 4eM HX MOXKHO OyJAeT IPUMEHATb K npobieMaM XU3HH.

[To we coBceM sICHBIM NPHYHHAM HA fiBJeHHe CO3HAHHS B Hayy-
HBIX JHUCKYCCHAX HaJaoxKeHO Taby. Tem He MeHee, KaK BUIHO U3 NpO-
Benennoro ¢on Helimanom Ouectdliiero aHaju3a KBaHTOMeXdaHHUE-
CKOrO H2MepeHHus, [Jaxke CAMH 3aKOHbI KBAHTOBOY MeXdaHHKH CO

1) TMoasun [18] B cBoelt peuensun na xuury Xummeaohap6 [3] soipaxaer
aHANOTHUHblE COMHEHHS B BO3MOMNHOCTH OGBIACHEHHS SBJCHHA JKH3HU Ha MeXaHH-
CTHYECKOH OCHOBeE.
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BCEMH HX CJACACTBHSIMH Hesb3sl copMyJupoBaTh Ge3 obpalieHus
K [OHSATHIO cO3Hanus'). BIo/He BO3MOXHO, UTO Te, KTO OTpHLaeT
peanbHOCTb CO3HAHMA, MMEIOT B BHAY JMiib OJHO: BHEWHWH Mup
MOXKHO IIOJHOCTBIO onmHcaTh U 0e3 CChlIOK Ha cO3HaHHE APYTUX JIIO-
ne#, T. €. CO3HAHHE He OKA3bIBaeT BJMAHHA HA JBHIKEHHE MaTepuu
(moHuMaeMoll B CaMOM UIMPOKOM CMBIC/IE 3TOrO CJ0Ba), XOTS JBU-
’KeHHe MaTepuH fABHO BJHseT Ha co3HaHHe. COIacHO TOYKE 3PeHHs,
NpHUNNCBIBAeMO B NpeAblayliem ab3ane Sab3accepy, TaKOH B3I
He siBASIeTCsl HW TNPAaBUJbHBIM, HM OUIHBGOYHBIM — OH GeccMbIC/IeH,
NOTOMY UYTO JajKe B NPUHIHIIE JBUHKeHHe BCell MaTepHH HEeBO3MOKHO
OoNnucaTb ¢ MOMOUIBIO OAHHX JWlIb 3aKOHOB (H3UKH. B wactrOCTH,
ONHCaHKue XUBOK MATEPUH C NOMOLLI (U3NUYECKHX 3aKOHOB AOJIK-
HO OBITh HeBO3MOXKHBIM. OnHako GoJee NpaBloONOLO00HO HHOE 3a-
KJIOUeHHe: TOYKa 3peHus1 ODab3accepa HeBepHA H KHBas Martepus
5 JAeMCTBUTENBHOCTH MOABeprKeHa BJHSHHIO CO CTOPOHBLI TOrG, 4TO
Ha Hee sIBHO BJauger, — BJHAHHIO cosHanus. Onucanue storo ssje-
HUsI, OYEBHAHO, NOTpebyeT BKJ/IOUEHH B HallH 3aKOHbl TPUPOJbI
MOHATHY, YYXKIbIX HMEIOLIHMCS B HacTosillee BpeMsl 3aKOHaM (u-
suku. [lo-BUANMOMY, OTHOILEHHEe CO3HAHHA K MaTepHu BO MHOIOM
CX0XKe C OTHOLIEHHEeM CBeTa K MaTepHU B TOM BHJe, Kak €ro NCHU-
MaJu B NPOILJOM BeKe: MaTepus 3aBeJOMO BJUSJIA HA pacnpoctpa-
HeHHe CBeTa, HO TAKOro sBJeHHs, KakK 3thdekt Komnrona, koropbiit
OLI MOKa3aJ, YTo U CBeT MOXKET OKa3blBaTh HellOCpeACTBEHHOe BO3-
OeficTBMe Ha JBHXKeHHe MATePHH ?), B TO BpeMs elle He GbLIO H3-
BecTHO. TeM He MeHee «peaJibHOCTb» CBETA HHKOPA He CTaBMJIACh
MOJi COMHEHHE.

BBIUMCJEHWE BEPOATHOCTH CYUIECTBOBAHUKSA
«CAMOBOCITPOM3BOAALINXCS» COCTOSHUH

[Tpenbiayiine obmine M YHCTO YMO3DHUTEJbHBIE PACCYXKIEHHA MBI
IOJKpenuM Telepb ONpelesieHHBIM aprymeHToM. Kak Oyaer noka-

1) Cm. ri. 6 B paboTe ¢on Helimana [4]. TefizenGepr [5] dopmymupyer Bbl-
Boxbl Gosiee TouHo W KpacouHo: «[loHATHe OOGBeKTHBHON peaNbHOCTH... TaKUM 06-
PAa30M, HCIIAPHJIOCH, IPEBPATHIOCH B IPO3PAUHYIO ICHOCT MaTEMaTHKH, OTNHCHIBAIO-
el He CTONLKO MOBENEHHe 3JEMEHTAPHBIX 4aCTHL, CKOJEKO YPOBEHL HallluX 3Ha-
HHUI 00 3TOM MOBEAEHHH».

C [CHXO.J0r0-3MHCTEMOJIOTHYECKOH TOYKH 3DeHHA JIOOOMBITHO OTMETHTb, uTO,
XOTSl CO3HAHHE — e/[HHCTBEHHOe sIBJEHHe, O KOTOPOM Mbl 3HaeM H3 HeENOCpPelCTBeH-
HOrO ONbITa, MHOTHe OTPHIAIOT €ro peanbHocTb., JIIoau O6BIYHO MHITAKTCH YKJIO-
HUTBCSI OT OTBETA Ha BOMPOC: €C/JH BCe, YTO CYLIECTBYeT, — BCEro Jullb CJOXHbIe
XMMHUeCKHe MpPOLECCH, NpPoTeKaiollle B BallleM MO3TY, TO IIOY4EMY BaC TakK HHTepe-
cyer, B UeM COCTOST 3TH mpouecch? HeBoabHO co3faetca BreuaTJeHHe, YTO CJIOBO
«peasJbHOCTBE» He AJf BCeX M3 HAC HMeeT OJHO M TO Ke 3HaueHde,

2) B HgaHHOM cCJyuae aHaJOrHsi MeXJy OTHOLIEHHEM CO3HAHHS K MaTepHH H
OTHOLIEHHEM CBeTa K MaTepUH WCXOAHT M3 HENpHeMJeMOro ¢ TOUKHM 3peHus auda-
JIleKTHUeCKOTO MaTepHa/n3Ma OTOXIECTBJEHHs BellectTBa M MaTepuu. Kpome toro,
OHa . BpsA JH BooGIle NPOAYKTHBHA, MOCKOJBKY CO3HaHHE TPAKTYeTcs B paMKax
AABHO H3XKuBlIero cefs cyGcraHUHOHaAbHOrO noaxoaa. — [Ipus. ped.
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3aHO B NOCJEJHEM pasjefe CTaTbd, TOT apryMeHT He COBCeM ybe-
IuTeeH, HO ero, no KpaiiHefl Mepe, MOXHO pacCMaTpPHUBATh Kak
HEKOC KOCBEHHOE IOJTBEPXKAeHHe NPaBHIbHOCTH HAaumMx coobpaxe-
uufl. OCHOBHasA HAEs COCTOMT B TOM, uTOObl MOKA3aTh, YTO, COTJIACHO
KBAHTOBOMEXAHHYECKO!H TEODHH, BEPOSATHOCTb CYIECTBOBAHHS CaMO-
BOCIIPOH3BOASIINUXCA COCTOAHHH paBHa Hymo. OOcyxJeHHe 3TOro
pesyJibTaTa U €ro CAeICTBUH Mbl OTJOKHM 10 CAeAyiollefl, nocsen-
Hell uacTH Hamell cTaTbd, a ceHuac 3aliMeMcCs [OJYYEeHHEM 3TOTO
peaysabTata. Haw BbIBOA He/lb3sl Ha3BaTb CTPOTHM: OH HCXOQUT M3
NONYLIeHNs], aHAJOTHYHOro Hallell YBEePEHHOCTH B TOM, YTO HH B Of-
HOIl XOTb CKOJIBKO-HHOYIb C/JI0KHOH CcHCTEME HET «CJyuailHOTO Bhl-
poxpeHus»!). Eme 6/ixe Halle JOMylleHWe K MNPeAllo/OKeHHIO,
‘HAa OCHOBAHWU KOTOPOTO OLINO BLIBEJIEHO BTOPOE HAUAJ0 TEPMOIH-
Hamuxu 2). CyIHOCTh NPHHSTOTO HaMH AONMYIIEHHS CBOAUTCH K CJe-
aywouweMmy. [aMHJIbTOHHAH, ONpelessiOIIMA MOBefeHHe CJAOKHOH
CHCTeMBI, KMeeT BHA MPOM3BOJLHON CHMMETPUYHON MATPUULI CO
CTATHCTHYECKH HE3aBHCHMBIMHM 3JeMeHTaMHu, He obsaagaiowedl Hu-
KaKuMH O0COGBIMH CBOHCTBAMH, KPOMe CHMMeTpHH. YIMeHHO 3TO cBOM-
CTBO TAMHJBTOHUAHA, 3aIMCAHHOTO B CHCTEMée KOODJIHHAT, B KOTO-
po#t nabawgaeMble AUATOHAJBbHBI, N03BOJKA0 (GoH Hefimany noka-
3aTh, YTO BTOPOE HauaJo TePMOAMHAMHKM SBJIAETCH CJAEACTBHEM
KBAHTOBON MeXaHuky. BTopoe, NO-BHAHMOMY, MeHee BayKHOe JO-
NylieHde Mbl BBedeM NO3LHEe.

Briuucaenus O6yayT npoM3BOAUThCSl B ABa 3Tama. [Ipexnonoxum
mpexje BCero, 4YTO <«KHBOE COCTOSIHHE» TOJHOCTBLIO ONpEeeneHo
B KBAHTOBOMEXAHMUYEeCKOM CMLICJe, T. e. €My OTBeYaeT ORMH Ompe-
JeJIeHHBI BEKTOD COCTOAHHS C KOMIOHEHTaMH Up. SICHO, UTO LOJIK-
HO CYILeCTBOBATb, MO KpaliHel Mepe, OJHO COCTOstHHE MUTATENbHON
Cpeasl, KOTOpOe IO3BOJSeT OPraHM3My pas3MmMHo)KaTbes. O603HaumM
COOTBETCTBYIOIIUIl BEKTOD COCTOSIHHS uepe3 w. B meficrBuTeIBHOCTH
COCTOSIHMIT MUTATEeNbHON CpPellbl, B KOTOPbIX €€ MOXeT MOrJOomaTh
OpraHu3M, JOJKHO GbITb MHOTO, HO AJIst TOTO, UTOGEl MPHHTH K Tpe-
OyeMOMY IDOTHBOPEUHIO, AOCTATOYHO HPEANOJONKHTb CYLIeCTBOBA-
HHe JULIb OJHOTO TAaKOTO COCTOAHHA. [{o pasMHOMKeHHS BEKTOP CO-
CTOSIHHUSI CHCTEMBl «OPTaHU3M INIIOC NMUTaTe]bHas Cpeaa» UMeeT BHI

=0 X w, (1)

rge X o3HayaeT npsiMoe (KpoHeKeposckoe) mnpoussegenue. [locse
TOrO KakK pa3sMHOMXKeHHEe MPOU3OLLIO, BEKTOP COCTOSIHHMS JOJIZKeH
HMETb BHJ

¥Y=0vXovXr, 2)

1} [To mosopy nouATHsi «ciayuafiHoe BHIpOXkAeHHe» ¢M. M1 XII xuurn Bur-
Hepa [6]. )
2) Cm, B paGore [4] ra. V.,
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T. €. JOJKHBl NOSIBUTbCS JBa OPraHH3Ma, y KaxAOro H3 KOTODHIX
BEKTOp COCTOSIHUSA paBeH v. BekTop r onuceiBaeT Ty 4acThb CHCTEMHI,
KOTOpAsi He BOIIJIA B JBa OPraHu3Ma, T. €. elile He HCIOJb30BaHHYIO
ODHTATEJNBHYIO Cpelly, a TaKKe I0J0XKeHHe (KOOPAHHATHI) O060HX
OpraHd3MoB ¥ T. A. BBeas cucteMy KoopauHar B THJIbGEPTOBOM
IpOCTPAHCTBe, 3aNulieM pasMHOXeHHe (2) B BHIe

WM[L = U Uply. (3)

[Tepsblil UHAEKC (%) O3HAuaeT NepeMeHHble, OMUCHIBAIOLIHE Ty YacCTh
CHCTEMBI, KOTOpas COJEPIKHUTCA B «POAMTENE»; BTOPOHA HHAEKC (M) —
repeMeHHble, ONHMCbIBAlOIIHE YAaCTb CHCTEMBI, BXOIAALIYIO B <IIUTA»,
mocJefHUI HHAEKC (W) — MepeMeHHble, ONUCHIBAKOLIHE ellle He HC-
MOJIb30BAHHYI0 IHTATEJIBHYIO Cpefy. B TOfl xe cucTeMe KOOpIMHAT
BEKTOp cocTofnHA (1) MOXHO NpeAcTaBHTb B BHIC

(I)Mu = Uy Whps (4)

ABOHHON MHIEKC XapaKTepH3yeT COCTOSHHe MHTATEJIbHOH Cpefsl.

BreneM Temepb Te HBa AOMYINEHHs, O KOTOPbIX VIIOMHHAJ0Ch
B HauaNe pasfenia, ¥ TeM CAMBIM YTOUHMM TepMuHOJOTHIO. Bropoe
(4 MeHee Ba)XKHOE) M3 3THX JONYIIEHHH COCTOHUT B 3aMeHe THibOep-
TOBa NPOCTPAHCTBA KOHEUHOMEPHBIM IMPOCTPAHCTBOM. B uacTHocTH,
MpPOCTPAHCTBO COCTOSIHHH opraHuama Oyaer N-MepHBIM, NpOCTpan-
CTBO COCTOSIHHH HEHCIIONb30BAHHOH NHTAaTEJbHOH cpeisl — R-Mep-
noiM. Torma KasKABIH W3 HHAEKCOB ¥ H A CMOXeT HpHHHUMAaTh N
3HauyeHuil, a uHgeKc p Oyner npoGerats R 3Hauenuit. CocrosHue
opranuamMa OymeT ONKUCHIBATLCH BeKTOpoM B N-MepHOM (a He
B GecKOHeuHOMepHOM) mpocTpaHcTBe. I10CKOBKY HHUKAKUX OrpaHHu-
yeHul Ha BenvuuuHy N # R Mbl He HajaraeM, o6e Pa3sMepHOCTH CJe-
Ayer CUMTATb OueHb OOJbUIHMH (3TO IpPeINoNOXKeHHe AOCTATOUHO
6e306uaH0). OHO cyllecTBEHHO o6Jeruaer MpoBeleHHe MaTeMaTH-
YecKOro aHa/ju3a M MOKeT ObITb OGOCHOBAaHO, MOCKOJbKY B CHJIY
KOHEYHOCTH HMEIOILHMXCS 3aNacoB 3HEePTHH UYWCJIO COCTOSHHH o6eux
yactell cucreMbl orpanuueHo. CoOCTOAHHE MUTATENbHOH Cpelsl OMU-
chIBaeTcsl BEKTOPOM B NR-MEpHOM NMPOCTPAaHCTBE, T. €. 3TO COCTOS-
HHe CHenHalH3HPOBAHO CHJbHEe, UeM COCTOsHHe oprauuaMa. Ha
NepBblH B3IV TAaKOE IOJOXKEHHE MOKeT II0Ka3aTbCsl CTPAaHHBIM, HO
OHO JOJIKHO COOTBETCTBOBATH AEHCTBUTEJBHOCTH, MOCKOJBKY KU3HDL
¥ pasMHOXeHHe OPraHH3Ma CBs3aHb C BO3pacTaHHEM ISHTPOIHH,
T. €. KOHEUHOe COCTOsSIHHe [OJIKHO OBbIThb MeHee CIIELUaJIM3HPOBaHO,
yeM HayaJbHOE.

Bosiee cymiectBeHHoe H GoJjiee CrOpHOe HAONYLIEHHE COCTOUT
B TOM, UYTO «MaTPHIA CTOJKHOBEHHSI», ONHCHIBAIOULAs KOHEUHOE CO-
CTOSIHHE, KOTOpPOe BO3HHKaeT B pe3y/bTaTe B3aHMOJEHCTBHS opra-
HH3Ma W NUTaTeJbHOH cpenbl, U ofo3HauaeMas HAMH OYkBO# S, He
HMeeT HHKAKUX 0CQOLIX CBOHCTB, KpOMe TOTO, YTO OHA CTOXAaCTHUHA.
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IMockonbky Matpuua S nepesomut Bektop @ [cM. passoxkenne (4)]
B BeKTOp ¥ [cM. paasoxenne (3)], cnpaBeiJyBO PaBeHCTRO

UnUpry =u’ }‘2”, Suxp,; w AW VrWhay’. (5)

Marpuna S, eciH MOMKHO TaK BBIPA3HTBCH, CJAYXKHT BCIJIOLIEHHEM
3aKOHOB B3aUMOJCHCTBUS MeXIYy JIOGLIM CCCTOAHHEM MaTepHaJa,
M3 KOTCPOrO COCTOMT OPFaHHM3M, M JIIOOBIM COCTOSTHHEM MaTepuaJa,
CJY2KaIero NUTaTeqbHOH cpenoli. Bripaxkenne «a060e COCTOSHHED,
paaymeercs, clefyeT NOHHUMAaTb B CBeTe NPeAbIAYLIEr0 3aMeYaHHUs:
n1000e U3 3aJaHHOTO KOHEUHOTO 4HucJa cocTosiHuH. Martpuiua S nod-
HOCTBIO ONpejessieTcs 3aKOHaMH KBaHTOBOH MexaHuku. C TouKH 3pe-
HHsl DJb3accepa, MaTpPHLY S peajbHO BBHIYHCJIHTbD HEBO3MOKHO.
CropamunBaercsi: ec/u MaTpuua S 3ajgaHa, MOXKHO JM B o0lleM CJay-
yae HaliTu N umcen v,, KOTOpble BMeCTe C HaJJexallliM o0pa3oM
noao6paHHeIME R uncaaMu ry 0 NR udcaaMu w,, YAOBJETBOPSJIH
61 paBeHcTBy (5)? OtTBer Ha 3TOT BONPOC Mbl HalleM, NPOCTO
NOJACYHTAB YHCJIO YpaBHeHHI H UHC/JI0 HeU3BeCcTHHX. Kak Mbl yBH-
I¥M, YpaBHeHH oKaxercsl 6oJiblie, YeM HeM3BeCTHBIX.

JelicTBUTeIBHO, TOCKOJbKY pPaBeHCTBO (D) HOJMXKHO BBINIOJ-
HATbCS NpH JIIOOBIX %, A B u, MBI HMeeM Bcero N2R KOMNJIEKCHBIX
uau 2N2R BellectBeHHBIX ypaBHeHHH. Cpell HUX, NOCKOJbKY YHCIO
N2 ype3BbluafiHO BeJHKO, BCTPEYAIOTCS M TOXKAECTBA, HO MH He Oy-
neM obpamarth Ha 370 BHuManue. IloacunTaem Telepb YHCJAO HEH3-
BeCTHHIX: N KOMIOHEHT BekTopa U, R KOMIOHEHT BektTopa r u NR
KOMIOHEHT Bekropa w. Bcero umeercss N + R + NR KOMIJIEKCHBIX
WJK BABOe BOJbliee YHCAO BellleCTBEHHBIX KOMMOHEHT. DT0 ropasio
MeHblile YHCJa ypaBHeHHH, H «OblI0 OBl UyIOM», ecid Obl ypaBHe-
HHA (D) OKa3a/JHCh BHITOJHEHHBIMH.

INpenpiayuiie BBHIKJIALKH, OUEBHAHO, Hesb3sl MPUHUMATh BCEPbeE3,
MOTOMY YTO OPTaHH3M B KBAHTOBOMEXaHHUYECKOM CMBIC/E ONpeleseH
HEMOJHOCTbIO: JXHBOMY OpPFaHH3My MAOJKHO OTBeYaTb MHOTO CO-
crosiguil v. O603HAYUM YHCJIO 3THX COCTOSIHUE uepes n. Scuo, uto n
MHOTO MeHbIltle yucjaa N COCTOAHHI MaTepHasa, CayXKallero Mmura-
TENILHON cpefloii: BeAb OOLHIMHCTBO COCTOSIHMH 3TOTO MartepHaja He
ABJAOTCA «KUBbIMH». Vtak, n € N. OGo3HauuM n BEKTOPOB, COOT-
BeTCTRYIOUIHX KHUBOMY OpDraHH3My, uepe3 v* (HHAeKC k£ mpoGeraer
sgauenua oT | mo n). Torna mwobaa JuHelHAsT KOMOWHALHS BEKTO-
pos vk Takke OyIeT NMpPeACTaBIATL «XKHBOe» cocrosiHHe. Cienosa-
TeJbHO, HeOOGXOHMO PacCMaTPHBATh 1 HAUAJIbHBIX COCTOSHHUMA

PP =V nan O, = o ws,. (6)
Koneunoe coOCTOsSIHHe, BO3HHKAIOIlee INPH B3aHMOJEHCTBHU COCTOS-
Hus vt) ¢ MHTaTeJbHON cpeoii (KOTOPYIO MBI MO-npexkHemy Gynem
ipeanoJarath HMeEKIeH OAHO COCTOAHHEe w), O6O3HAYHM uepes
W), 3aBucuMocTe W) QT ABYX NepBBIX HMHJIEKCOB MOXeET HMETh



166 111, Ksauntosas mexanura

BHJI NDPOM3BOJILHOH JHHeHHON KOMOGHHauuH h? BekTOopoB U™ X v,
CaepoBarensho,

) ikl (), (1)
Wil = 2 wioiloh, (7)
u BMeCTO {5) MBI MOayvyaeM ypaBHeHHeE

D ul ool = Swas 23w 0% Wi, (8)
k1 W, W, W

I10 ypaBHehHe JOJKHO BBINOJHATBCA IPU JMOOOM j W, Kak W mpe-

JKae, npu aobbix %, A U p. Bcero nodyuaerca nN2R KOMIJIEKCHBIX

uan 2nN2R BellleCTBEHEBIX yPaBHeHHH.

HeuspecTHbIMH SBJAAXTCA BEIMYHHB U, @ W u. Herpyano su-
JIEeTb, 4TO nMeeTCs1 nN BeJHUMH U B (Kak M npexie) NR BeJHUMH ©.
Bennuun xXe u HacuuTbIBaeTcsl nR, MOCKOAbKY KaXKAbli M3 HMHAEK-
coB {, £ U [ MOXeT NPHHHMATb M 3HAaYeHHH, a HHIAEKC | NpPHHHU-
maer R 3uavennii. Jlasi npocTOThl Oyldem CYHTATh, 4TO BCE HEHU3-
BeCTHple M LiepeMeHHble He3aBHCHMbl. TOrAa HYHCIO HEM3BECTHRIX
Oyaer paBHO YHCJAY IepeMeHHBIX, eCJH CIPaBedJHBO PaBEHCTBO

nN?R =nN + NR +n®R. 9

B cuay nepabenctBa n < N neBas yacTb BbIPa)K€HHs1 BO MHOI'O pa3
GoJplile MPABOH UACTH, TIOTOMY paBeHCTBO (9) BHINONHSITLCS He
Moxer. Jlaxe ecaH AONMYCTHTb, YTO OOHO M3 NPOHM3BELEHHH MPOH3-
BosbHO [r.e. uto v B Qopmyne (8) oanauaer Npou3BOABHOE CO-
CTOAIHHE, «KHBOE» HJH <HEXKHBOE»|, TO YHCAO HEHU3BECTHBIX U BO3-
pacrer auwb g0 n?NR u npasasa uactb (9) Oyler mo-npeskHemy
MeHblle jJeBoh wactu. OTCl0qa MBI IeTaeM BLIBOA: €CJH B3aHMOjell-
cTBHe S «YyCTPOEHO» TaK, UTO OHO He FapaHTHPyeT CaMOBOCIPOH3Be-
JleHHe OpPraHH3Ma, TO BePOSTHOCTb TOTO, UTO .1/1000¢ COCTOSIHHEe MH-
TaTe/bHON Cpelbl NPHBEJeT K PasMHOXeHHIO Jio0oro Ha6opa co-
CTOSIHM#, MOILHOCTH KOTOPOTO BO MHOIO pa3 MeHblle MOIHOCTH
BCEX JOTNYCTHMbBIX COCTOAHUN OpPraHu3Ma, upe3BbiUafino MmaJda,

Kak yXe TOROPHJIOCh paHee, NPH NPOBELEHHH MMOACYETa MBI He
YUYHMTBIBAJM TOTO, YTO He BCe ypaBHeHus (8) He3aBHCUMH W, CJef0-
BAaTeJbHO, YTO HeH3BECTHble He/Ib3si BHIOHpATh NPOM3BOABHO. U co-
OTHOIUEHHS] MeXAY YPaBHEHHSIMH H COOTHOMICHHSI M€Ky HeH3BeCT-
HBIMH $iBJASIIOTCA CJEACTBUSAMHM YHHTApPHOCTH MaTphuwl S. OnHako,
Kax nokasslpaloT 6osee NMOApoOHBIE BLIUMCJAEHHS, COOTHOLICHHI Me-
1Y YPABHEHHSIMH HMEETCH DOBHO CTOJBKO XK€, CKOJIBKO COOTHOLIE-
HHil M@Ky HEH3BECTHBIMH, H, NOCKOJIBKY n < N, HU Te, HU [Apyrue
He BJHAIOT CKOJbKO-HHOYIb CYLIeCTBEHHO Ha BEJIHYHHY NpPaBCl H
nesoit yacteli dopmyanst (9). Takum 06pa3om, BBIBOAB 3TOro pas-
llesla CTaTbH OCTAlOTCS B CHJe H B TOM Cayuae, KOrja He Bce ypap-
HeHHsi H He BCEC HEH3BECTHble HEe3aBUCUMDL.
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HEJOCTATKH W OrPAHHYEHHOCTDL MNPEALIAYILMX BBIKJTALOK )

Jlaxe npoBeJeHHble BbIUMCJAEHHS, UCXOAsLIHe M3 MNpeANoJoxKe-
HHSI O TOM, YTO KH3Hb OMHUCHIBAaeTCs MHOTMMH KBaHTOBOMeXaHHUYe-
CKUMH COCTOSIHHSIMH, AaJleKO He peaJyucTHuHbl. [lpuuunoll 3aTpyi-
HeHUil SBJSETCS TO, YTO MBI MOJIYAJHBO MOApasyMeBaju: Nocae
B3aUMOJEHCTBUS C NUTaATEJbHOH CpejOH no KpaHHedl Mepe OAMH Op-
raHu3M 3ase0omO BbIXKUBaeT. SICHO, YTO HHUKAKHX BHAMMbIX NPHUHH
AJs1 TaKOlt yBepeHHOCTH Y Hac HeT. CKopee HA000OpOT, peaqUCcTHUHAS
MOJeb Do/KkHA Obijia Obl IOMYCKATh JI060e KOHEUHOe COCTOsIHHe,
HO Tpe6GoBaTh, YTOGH CyMMa BeDOSITHOCTEH COCTOSIHHH C ABYMS XKH-
BbIMH OpPraHH2MaMy HaMHOro mpeebillana !/,. Bmecto pasencrsa
(8) takoe TpeboBaHue npHBEAO Obl K HEKOTOPHIM HepaBEeHCTBAM, KO-
TOpble NOAAAICTCA aHAJH3y € ropasfo OGOJAbLWIHM TPYLOM, YeM pa-
encTeG (8). ITocKoabKY HX paccMOTpeHHe ellle He 3aKOHYEHO, MHI
He OyaeM TNPHBOAWTL 3IeCh MOJYUeHHBIX Hamu pedyabrartos. Cie-
JyeT BCe XKe 3aMeTHTb, UTO WIAHCH Ha CYlLecTBOBaHHe Habopa «KH-
BBIX» COCTOSIHH{l, IJs KOTOpPOro MOXKHO MOA0OpaTh TaKyio MNUTa-
TeJbHYIO Cpely, uTo Jsiiofoe B3auMoaelicTBUE ¢ Hell sceeda MPUBOLUT
K PAa3MHOKEHHUI0, MO-TIpeKHEeMYy OCTAaOTCs HYJeBbIMH.

Haw pe3ysbrat NpoOTHBOPEUHT H3BECTHOH KOHCTPYKUHH CaMO-
PA3MHOXKAIOIUXCA. MalllkH, npepaoxenHoit ¢on Hedimanom ?). ITwr-
TasiCh COMOCTABHTL JAAaHHble IpelbLAYLLEro pasjiena Halleil CTaTbH
¢ sBHoM koHcTpyKuueil Hefimana, mbl 6e3 Tpyna ofHapy:xuBaem,
UTO COOTBETCTBHE MerKIy HHMH HEeBO3MOXHO M0 NPOCTOH NpHUHHE:
MoJiesb, UCNOJb3yeMasi HefiMaHOM (OCHOBAaHHAs HAa YHHBEpPCAJbLHOM
MauiiHe TelopHHra), MOXKeT NPUHUMATL JHWb JHCKPETHOE MHOXe-
CTBO COCTOSIHMI, B TO BpeMst KakK BCe Hallld NepeMeHHble (v, @) He-
npepulBHLL. VIMeHHO AHCKPETHOCTb MHOXKECTBa JOMYCTHMBIX COCTOS-
HUl ero Mojesan nossoJgser Hefimany nocrynuposath HAeaJbHOE
noBejleHHe CHCTEMHl M HAafTH TAKYI0 3aMeHY YpaBHEHHH IBHXKeHHS,
KOTOpas [ejaeT CaMOBOCIPOH3Be/leHMe BO3MOXKHBIM. [lasi Hac ke
NIePBOCTENEHHYI0 BaXKHOCTb MMEET BOMPOC O TOM, MOXKHO JH OKH-
IaTh, 4TO M peaJibHble YpaBHEHHUA MABHXKeHUS OyAyT OPUBOAMTH
K pa3MHOXKEHMIO OMUCHIBAEMBIX HMH CcHCTeM. Pasauuue Mexay
«KECTKHMHU» CHCTeMaMH, IJs1 KOTOPBIX MpPH XKeJaHUH MOYKHO Ipe-
nojaratb JI0GOA 3aKOH JBUXKEHHS, H <«MATKUMU», IeHCTBHTENbHO
pPasMHOXKAIOIHUMHCH CcHCTeMaMu NoA4YepKHBasa emie IJb3accep d).
Kpome Toro, ¢oH HefiMman B AeHiCTBHTEILHOCTH 3HAM O HEMNPUTOAHO-
CTH €ro MOJAeJH [/ OHOJOTHUECKHX paccMOTpPeHHil,

'} Ilpod. Burnep napmeercs, 4yto uHTaTeaH OGpatAT 0co6oe BHHMaHHE Ha 3TH
HepocTaTKu. — [1pum. ped. amepukarckozo usbanus.

2) [lo-BMANMOMY, €IHHCTBEHHO JIOCTYNHON CTaTbedl HA 3Ty TeMy cjeiayeT CuH-
tarb pabory Hefimana [7]. Illennon B cBoem o63ope [8] tpynos Hefimana o6pa-
waer BHHMaHHe M Ha €ro JPyrHe, Heomy6aMKOBaKHBE PaGoThl. B c¢Bssu ¢ o6cy-
Kaaemoil HuXKe MpobJemoll HajexXHOCTH cM. paGory [9].

3) Cm. [1), crp. 129,
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Haw pesyabrat NpOTHBOPEUYHT H MOJAETH CaMOBOCHDPOU3BEAEHHS,
npeanoxenHoi KpukoM 1 YOTCOHOM (MOZeJb 3THX aBTODOB BKJIO-
yaer B cebs OlpeleseHHbIl MeXaHHU3M Mepefaud CBOHCTB OT Mpef-
koB notoMctBy [10—16]')). Dta Mozmeap TaKXKe OCHOBaHa Ha
KJaCCHYECKHX, a He Ha KBAaHTOBBIX NpeicramieHusax. IIpu paccmor-
peHHH ACHCTBHTENBHO OCTDOYMHOH M BHIIVIAIAAINEH BIIOJIHE peaJsii-
ctuuHo Mogeau Kpuka u Yorcona co3maercsa BheuaTJieHHe, UTO €€
aBTOpaM, HeCMOTpSl Ha BCe TPYJIHOCTH, CBfI3aHHBle C OTHICKaHUEM
CHCTeMbl, YpaBHEHHs [BHKeHHS KOTOPOH jomyckanu 6bl ee caMo-
BOCNMPOU3BEJcHHE, U HECMOTPS Ha MHOTHe Jpyrue HENpPHSTHOCTH,
yAaajoch AOCTHUb [OCTaBJEHHON Lenu. B Hamu HaMepeHHsI He BXO-
IUT pelIHTeJbHOE ONpOBep:KeHHe MNOAO0GHOTO MHeHHsl. 3aMeTHM
Jullb, YTO NOAPOOHOCTH (QYHKLMOHHDOBAaHUA Monxend Kpuka u Yor-
coHa elle He paspaboranbl Ao KoHua. He 6bita Takke oueHeHa u
CpaBHEHA C HMEIOUUMHCS JAHHBIMH HAJEXKHOCTb MOJENH, T. €. Be-
POSITHOCTb €e HENPaBHJBHOIO «cpabGaTblBaHusi». Mbl CKJIOHHBI AYy-
MaTh (HESIBHO 3Ta MBIC/b COAEpPKHTCA B HedXx DJab3accepa), uUTo
TOT THI BOCIIPOH3BENEHHs, K KOTOPOMY I[pHMeHHMa Monejb Kpuka
u YorcoHa, KaK H BCE aHaJOTHUYHBIE NPOIeEcch, MOXHO OMHCATh HA
OCHOBe H3BECTHBIX 3aKOHOB MPHUPOAB!, HO JHMb npubiauxkenso. Yro
XKe Kacaercsi NpPaKTHUeCKH alCOJIOTHO HaJZeXKHOTO (YHKIHOHHPO-
BaHHS MOJeJH, TO OHO SBJISIeTCS] CJAEACTBHEM HEKOero GHOTOHHYE-
CKOTO 3aKOHA.

B 3aksiouenue craTbd aBTOpP XO0Tes Gbl 0cOGO NMOAUYEPKHYTDb, UTO
ero TBep/Jas yBepEeHHOCTb B CYLUECTBOBAHHM GHOTOHHYECKHX 33KOHOB
TIPOUCTEKAET H3 [AOMHHHUPYIOILEl DOJU TAaKOro SIBJEHHS, KakK Co-
spanue. Yrto ke Kacaercsl NpHBeIeHHBIX UM apryMeHTOB, TO OHH
HOCSIT JIMIIb SBPHCTHUECKHI XapaKTep M He HMEIOT A0Ka3aTedbHOR
cunbl. He ucKII0YeHO, YTO Mbl NPOCTO He O6paTHIM BHHMAHHs Ha
BJIHsiHHE, OKasblBaeMoe OHOTOHHUECKHMH SIBIECHUSMH, KaK MOl He
3aMeTHTh BJMsHHMe CBeTa Ha MAKDOCKONHYeCKue Tena (PU3HK, MOrpy-
JKEHHBI B MCC/I€OBaHHE 3aKOHOB MaKPOCKONHUYECKOH MeXaHHKH.
DTO HY B Koeill Mepe He [eJjlaeT NMpPHUBEAEHHBIE HAMH apryMeHTH Go-
Jee J0Ka3aTeNbHBIMH, IOTOMY UTO B HX HbIHelUHell dopMe aTu apey-
MEHTbL ucx00aT u3 donyuerus 06 abCONOTHOM XapakTepe 3aKOHO8
aocnpoussedenus. OHO MOXKeT ObITb CTOJb Ke [aJeKHM OT HCTHHBI
U B He MeHbliieH cTeneHd 0Ka3aTbcs 3a6JyKIeHUEM, YeM 3aKTI0UeHHE
JleliGarua 06 omMGOYHOCTH ATOMUCTHUYECKOH TEOPHH, KOTOPOe OH
BbIBel M3 HEBO3MOXKHOCTH Ha#TH JABe OJHHAKOBBe TPaBHHKH [l7].
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MPEJEJ/Ibl HAYKH 1)

BblcTynuTh Ha cTOMb OBULYIO TeMy MeHsl noGyauaa He oObluHas
' FOPIOCTb YUEHOTO, UYBCTBYIWOLLEro ce6si B CHAAX BHECTH BKJAJ, MyCTh
daxe He6GOJbIION, B pelleHde NpolJeMbl, HHTepecylOllell He TOJMbKO
ero camoro, Ho H ero koJjJer. K crnekyasuuu nmoZo6HOTO pojaa Bce
MBI HCHBIThIBaeM O0JbIIOEe BHYTPeHHee COMPOTHBJAEHHe: OHA MMeeT
MHOTO o0Ulero ¢ XJaZHOKPOBHBIM paccyXJeHHeM O KOHUHMHE OueHb
6113KOro HaM uesjoBeka. MIMeHHO Takoe UYBCTBO BBI3LIBAKOT Yy HAC,
VUeHBbIX, paccyXkIeHus o OyAylleM caMOH HayKH, O TOM, He TOCTHUT-
HeT JH ee KOTAa-HuOyAb, B AOCTATOYHO OTAaJeHHble BpeMeHa, Cylb-
6a, BhipaxkeHHasl B uapeueHuu: «Bce HapoxAawouleecss obpeueHo Ha
rubenby. B paccyXIeHHAX Ha CTOJb [HEJIHKATHYIO TeMy IPHHATO
HCXOANTh H3 NPeANoJoXKeHUsT 00 ONTHMAJBHBIX VCJIOBHAX AJIs pas-
BHTHSl HHTEPECYIOLLEero Hac NpeAMeTa H He CUUTATbCA C ONACHOCTBIO
TOTO, YTO MOXKeET MPOH30UTH KaKoH-1ub0 HecuacTHBI cJayuafl, CKoJb
Obl peaJjibHa HH Obl1a 3Ta ONACHOCTb.

POCT HAYKHU

Camoe 3ameuatespHoe B Hayke —ee mogoa0cth. [lepsuie 3a-
YATKH XUMUH (B COBpEMEHHOM IOHHMAaHHUH 3TOH HAYKH) NOSBHJHCH
He panee rtpakTara bDofis «Cxentuuecknil XUMHK», BBHIEALIEro
B cset B 1661 1. Moxer ObiTb, pONJAeHHe XUMHH ¢ GOJBLIHM OCHO-
BaHUeM cJe0Baso Obl OTHECTH K HepUonLy AesiTeabHocTd JlaByasbe,
rae-to mexay 1770 w 1790 rr., uaH OTCUHTHIBATH BO3PACT XHMUM
¢ otkpblTus JladbToHOM 3aKkoHa, Hocsawero ero umsa (1808 r.). Pusu-
Ka HeckosabKo crapuie. Heloronosckue «Hauamay — counnenne B
phicineil cremeHH 3aKoHueHHOe — nosaBuauch B 1687 r. Hekoropnie
(bH3HyecKye 3aKOHbl GBLIH OTKPBHITHI Apxumenom eiie B 250 r. go
H. 3., HO €0 OTKPHLITHS BPsIA JAM MOXKHO CUHTATh HACTOSNLIUM pPOXKAe-

'} OnyGauxoBano B xypuane: Proc. Amer. Phil. Soc., 94, 422 (1950).
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HHeM ¢u3nku. B 1esoMm He Oyner olHOKOH, eCJM MBI CKaXKeM, UTO
Bo3pact Haykn HacuutbiBaer Menee 300 aer. drto umcao chaenyer
cpaBHHTb ¢ Bo3pacroM UYesdoBeka, KOTOpbi 3aBefoMo GoJbllie
100 000 ner.

3aMeTHO YBeJHUMBAeTCs UYHCIO JIIOAeH, MOCBALIAMOLIMX MHOTHE
rojibl cBoeit xU3HH npnobperenuto 3Hanui. Tak, okono 10% amepu-
KaHCKON MOJOJeKH OKaHuMBaeT KOJJIEMKH, NpPHYeM B locaefHee
BpeMs Kamapie 20 ser sta uadpa vasBausaercd. I'apsapackuil KoJ-
Jemx Ool1 ocHOBaH B 1636 r. # B TO BpeMs SBHO He Obld HAYYHBIM
yupexaeHineM. AMepuKaHcKoi AcconHaluy OOLIPEHHUS HAYK HCIIOJ-
nu1ock 100 Jser; nepBoHaua bHO OHA HaCUUTHIBAJA JHWb 461 ueHa.
Hblne uncsno ee ujgeHoB npesblliaerT [OJAMWIJIHOHA, W JHIIL 3a MO-
clejHee MOJAYrogue OHO YBeJHUuW/Joch noutd Ha 10000 uenosex.
B HeKOTOpBIX ApPYruX cTpaHax yBeJUYEHHE UMCJAEHHOCTH CTyAeHYe-
CKOH ayAMTODHH MeHee 3aMETHO, HO B POCCHH OHO IPOMCXOJHUT elie
Gosiee OLICTpBIMHM TeMIaMu, ueM B AMepHKe.

YeJsiorek Bce GoJibllle OCBAHBAeT 3eMJIO, M 3TOT [poOllecc Hemo-
CPeACTBEHHO CBfI3aH C pacClUHPeHHEM erc 3HAHHA O 3aKOHAX Ipi-
poanl. B reuenue 99700 set cBOell WCTOPHU uesIOBeK He OKa3BIBAJ
CKOJIbKO-HHOY /b 3aMeTHOIr0 BO3AeHCTBHS HA MOBEPXHOCTH 3eMJIH, HO
C NosABJEHHEM HayKH OH ycmes BLIpYOHTBH Jeca Ha OGIIUPHBIX Tep-
PATOPHAX H HCTOLLUTH NMPHPOJHbIE 3amachl HEKOTOPLIX MHHEPAJOB.
Hab6monan B momuslil Teneckon 3eMiio ¢ JIVHBI, Bpsjg Ju MOXKHO
O6bl10  Obl  3aMeTHThb IIPUCYTCTBHE Ue/JOBEKA B TeyeHude IMEPBBIX
99 700 seT ero WCTOPHH, HO HTHOPUPOBATH HACEJEeHHOCTh 3eMAu B Te-
yeHue nocaelnux 300 ser Obu1o 6bl TpyAHo. B npupome He cylle-
CTBYeT fIBJIE€HHS, KOTOPOe MBI MOTJIM 6bl CPABHHTL C BHE3AIHBIM pas-
BUTUEM HayKH, He TOJUHHAIOIIAMCA KaKUM-TH00 BHAMMBIM 3aKOHO-
MEDPHOCTSIM, 32 HCKJIKUeHHeM, MOKeT ObiTbh, KOHAEHCAlMH [epechl-
IEHHOrO TNapa HWJH JAeTOHAllHM HEKOTOPhIX 0co00 KanpH3HBIX
B3pbIBUATHIX RelllecTB. He Oyjger au u cyanba Haykm B KAKOH-TO
Mepe HAllOMHHATh ITH SIBJEHUSA?

B camom nene, Habaonas 3a ObICTPLIM POCTOM HAyKH H yBeJm-
uyeHHeM MOLUH YesJOBeKa, HEBOJIbHO HAUHHAEllb 0ONacaThCd XYIIIETO.
Yes0BeK sIBHO He B CHJaX COPa3MepHUThb CBOH YMCTBEHHBI KPYro3op
¢ TOIl OTBETCTBEHHOCTBIO, KOTOPYIO BO3Jlaraer Ha Hero ero cob6cTBeH-
Hasi, Bce Bo3pacralollas Mollb, MIMeHHO 3TO HECOOTBETCTBHE M 3a-
cTaBJjisieT onacarbes Katactpodbl. BricKasaHnnas TOJBKO 4TO MBIC/b
0CO3HAHA HbiHE HACTOJBKO IM1yBOKO (B 0COGEHHOCTH B CBA3H C CO3-
LaHHeM W COBEpIIEeHCTBOBAHHEM DAa3JHYHBIX BHIOB aTOMHOIO OpYy-
KHS M OOCTeLYIOLIMMH HeyJadHBIMH IONLITKAMH pa3pelinTh BO3-
HHUKIIHE C ero pasBHTHeM npobJeMbl WM XOTA OBl K0 KOHLA Paso-
6paTbcd B HHX), 4TO cTaja nouTH 6aHanbHON. TeM He MeHeae, roBOPS
o GyaylleM HayKH, Mbl He GyieM DPUHMMATb BO BHHMAaHHe BO3MOXK-
HOCTb KaTtacTpodwl, a mpeiesbl pocTa Hayku OyleM paccMaTpHBaTh
B NpPeAINOJIOKEHHH, YTO €€ pa3BUTHe He OyJAeT npepsaHo KakAM-1u00



172 - 1V. Paameuusrenusn

KaTakjauaMoM. Takum o6pa3oM, Hocjelylolide pacCcyXKIeHHA npH-
MEHHMBl JHUIIb B TOM CJydae, ecJM HaM yaacTcs u3bexaTbh yrpo-
Xawlled HaM KaracTpodbl ¥ HayKa CMOMKeT pPa3BHBATHCSI B OTHO-
cuTeqbHO MupHOH atmocdepe. Lleas mposomumorc namu amranusa
COCTOHMT B IIOMCKE BHYTPEHHHX OrpaHHUeHHH, IPHCYUIHX caMO# Hay-
Ke, a He IpelesoB, KOTOPble BHEIIHHE BO3JEHCTBUA CTABSIT Ha MNYTH
ee pas3BUTHA (HE3aBUCUMO OT TOro, OOYCHIOBJIEHbl JH 3TH BO3Jeil-
CTBHA NPOTPECCOM CaMOil HayKM HJH HeT).

YTO Mbl HA3BIBAEM «HAIEM HAYKOWM»?

Yro cheiyeT MOHUMATh MOJ eCTeCTBEHHBLIM MpefeJoM <«Hallel
HAYKHU», BEPOSTHO, CTaHeT OCOOEHHO SCHBIM, €CJM Mbl IONBITAeMCS
ompefeuTh CMbICA BBIpAXKEHHS «Hawa Haykas. Hara Hayxa — 370
BeChb 3aflac HalUHX 3HAHHUH O ABJeHUSIX NpHpoabl. BosHuKaer Bonpoc:
UTO JKe «HAlIero» ecrb B TakoM 3anace? OTBeT Ha MOCTABJEHHBIN
BONpoc MBI OyleM HCKaTh METOZOM MOC/el0BaTeJNbHBIX NpHOAHKe-
HHUf, BBOAS TO CJAHIIKOM IIHDOKHe, TO CJAHIUKOM Y3KHe OINpele/eHUR
0 Tex MOp, MoKa He NpHIAEM K NpHeMJeMOMYy KoMupowmuccy. SlcHo,
uto J060i Habop GOJHAHTOB, COAeprKALUIHX HAaKOOJeHHblEe (DaKThl
¥ TEOpHH, He CTAHOBUTCA XPaHUJHLIEM HallWX 3HAHUA JHULUL OTTOTD,
yTO npuHanexut Ham, Ilpumep snoxu Bospoxkaenus u B elle 60Jib-
LieH CTeneHH NMpeiLleCTBOBABLIETO efi MPAYHOrO CPeLHEeBEKOBbS YUHT
HAac, 4TO OJHOTO JHIIb BJAAEHHs NpaBOM CcOOCTBEHHOCTH Ha KHHUTH
HepoctaTouHo. Heob6xoxuMo nH, uytoGbl KTO-HMOYIb 3HAJM COJepKa-
HHe BceX TOMOB, MpeXKje 4eM Mbl CMOXeM Ha3BaTb HX «Halllell Hay-
kofi»? Takas rouka apenus obsagaer onpejeleHHbIMH y10GCTBaMA,
HO, NPHUHSAB €€, Mbl BHIHYKIeHB! OblM OBl PU3HATh, YUTO HAayKa yxKe
JOCTHIVIa CBOHX NpPeAes]OB HJH MOrJa JOCTHYb X HEKOTOpOe BpeMsl
Hasana. PasBe HepocTaTouno Oblno Gbl B 3TOM cJiyuae, 4ToGbl B Ha-
ieM oblllecTBe /151 KaXKJAOTO TOMa HallleJcs 4eJOBeK, KOTOPHH 3HAJ
OBl Bce ero cogepxkanue? Hetr, noToMy 4TO yTBepXKIAEHHA Pa3JHYHBIX
TOMOB MOTJIH Gbl NPOTHBOPEUHTHL APYr APYry, U ecau Obl HU3bpaH-
HbIM «XpPaHHTeJsiM 3HAHUSI» Obljia H3BECTHA JHIIb YacTb YTBEPK-
JleHHUHA, TO 3TH NPOTHBOPEUHsl OCTaJ UCh Obl CKpbIThiMUM, Hayka — 310
3jlaHHe, a He rpyjla KHpMuuel, cKoJb Obl LeHHOH HH Oblia 3Ta
rpyaa.

$I cudraio, yTO HeKH# 3anac 3HAHHH PasyMHO Ha3BaTh <«Halllef
HAYKOH» B TOM cjayuae, eciu Ha#AyTcs JIOAH, CIIOCOOHBIE BHIYUHTh
H HCOOJb30BaTh JIOOYI0 YacTh MX, JIOAH, KOTOpble OBl KaxKAalu
OBJIafleThb Ka)XJ0H 4acThio, AaKe CO3HABAadA, 4YTO 3TO BBIUIE MX CHJ,
IpH YCJOBHU, €CIH eCTh AOCTATOUHAS YBEPEHHOCTb, UTO OTJeJbHbIE
4acTy CBOJA 3HAHHE HE MPOTHBOpPeuaT APYT APYLY, a o6pasyior enu-
Hoe uesoe. Pasjmen wamupx 3HaHWiH, M3yualOIUUMA YIOPYTOCThb, JOJKEH
HCXOJHMTb U3 TeX XKe MPeACTaBJeHHH O CTPYKTYpe XKeJje3a, YTO U pas-
JeJl, 3aHHMAIOLKACS H3yUeHHEeM MarHeTH3Ma,
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! NPEOEJIBI <HAIIEV HAYKH»

Ecnu npeanoxkennas Bbllle GOPMYyJHPOBKA MpieMJeMa B Kaue-
crBe Gosiee MJIM MeHee TOUHOTO OMACAHMS TOTO, YTO MOMKHO MOHH-
MaTh NOJ «Halled HayKOl», TO OrpaHHYeHHs Halllell HAyKH KPOSATCS
B Ye/IOBEUECKOM HHTE/JEKTe, B 00beMe ero HHTEpPEecoB, CnocoGHOCTH
K obydeHHlo, maMsaTH, o0lleHHI0 ¢ cebe mogoOHBIMH. fcHo, uTo BCe
35TH OTpaHHYeHHT CBA3AHB ¢ KOHEYHOH MPOTAKEHHOCTHIO UejgoBeue-
cKOfl ku3HU. [leficTBUTENBHO, €CJAH MNPHHSITH NpHUBEACHHOE BhIlIe
onpefeneHne «Hallleil HayKH», TO ee cOAepkKaHHe OyJer MEHATbCA
He TOJBKO B pe3yJbTaTe 3aBOeBaHUs HOBLIX ofJacred, HO OTYACTH
M BCJEACTBHE mNepeMellleHHss H3 OoJee crapbix objacreill B HOBBIE,
Hekoroprle Beiin Mbl 3a0biBaeM H KOHIIEHTPHPYEM CBOe BHHMAaHHE
Ha nmocyiedHux gocruxkennsax. MMenno cefiuac Godee crapwie obaacrti
HayKH nepecraror ObITH 06JaCTAMH «Hallel HayKu» He CTO/IbKO I10-
TOMY, YTO Yy Hac HET YBePEHHOCTH B MX COOTBETCTBHH HOBOH KapTHHE
mupa (#aobopor, g ybexXjaeH B TOM, YTO OHH OTJIMYHO BIHHCHIBAIOTCSH
B HOBYIO KapTHHY), CKOJBKO IOTOMY, UTO HH Yy KOro HeT 0co00 CHIb-
HOTO KeJlaHHA 3HATb MX — [0 KpaHHell Mepe HM y KOTO H3 TeX, KTO
HHTepecyeTcst HOBBIMH 06JIaCTSIMH HAYKH.

BoamoxHocTH Takoro THma pocra ellle JaJeKO He HCYEPIIAHBL
Ceromus Mbl He CTOJIb OXOTHO 3aHHMaeMCA Teopuell TBepJOro Teda,
B KOTOPOH CTYAEHT AOJKeH MPOYHTATL OKoso 600 crareft, npexie
YyeM JOCTHTHET «IepefHero Kpas» W CMOXeT BECTH cBoe COGCTBeHHOe
uccsaenoBaHue. BMecTo 3T0ro Mbl COCpelOTAYHBAEM YCHJHA HA KBaH-
TOBOH 3JeKTPOJAMHAMHUKE, e H3YyUaIoWHUHd A0J/KEH O03HAKOMHTBCSH
auib ¢ 6 paGoramu. 3aBTpa MBI MOXKeM 3a0pOCHTH lesble HayKH,
HanpuMep XUMUIO, U 3aHAThCS YeM-TO MeHee HccJaeloBaHHBIM, Dosee
TOTO, H3MEHeHHs B MHTepecax SIBHO He NMPOM3BOJbHEI U B GOJbIIHH-
CTBE CJyuaeB BNOJIHe 0OOCHOBaHBI, MOCKOJbKY HOBBIH NpeaMer, Kak
npaBuio, riybKe OCTaBAEHHOTO, OCHOBaH Ha OoJee (DyHIaMeHTaJb-
HBIX WOesiX H BK/Ouaer B ceOa crapbiil. CBofCTBA TBEPABIX Tea cJe-
AYIOT U3 NPUHIMNOB KBAHTOBOH 3JEKTPOJHMHAMUKH, HO 3Ta AMCUUI-
JUHA TMO3BOJSAET, KPOMEe TOro, paccMaTpuBaTb U MHOrue Jpyrue
SIBJIEHHs] TIOMHMO TeX, KOTOPble BaXKHbl /151 (DM3UKH TBEPJABIX TeJ.

Tem He MeHee c/aenyer oTAaBaTh cebe OTUeT B TOM, YTO MOIJIO-
LleHHe CTaporo npeiMera HOBOH AMCLHIVIMHON A0 HEKOTOPOH cTene-
Hu uano3opro. Hanpumep, cTyleHT, u3ydalolMUi KBAaHTOBYI) 3JIeK-
TPOJAHHAMHKY, O CYLIeCTBY He KacaeTcd TeODHH TBEpPAOTO Tena,
TaK KAk 4eJOBeYECKHH Pa3yM CAHWIKOM csab, yToObl BbIBECTH BaXkK-
HBle CBOHCTBA TBEPABIX TeJ H3 KBaHTOBOH 3JeKTPpOANHAMHUKH, eCJ/il
MBI He MpeAlpHMeM ClelHa/NbHbIX, SKCIEPHMEHTAJJAbHbIX U 1e0peTH-
YyeCcKUX, HCC/IeLOBAHUH M He pas3oBbeM HJeanusauuii u npubauxe-
HUil, MPUrOAHLIX UMEHHO AJA OMMCAHHA TBepAblx Teld. Toabko He-
006blyafiHO NpOHHUATEJNbHBIH HHTEJJIEKT, ONupasch Ha MNPHHIHUIBI
OGBIUHONH KBAHTOBOH TeOPHH, MOr Obl 3aKJIOUYHTh, UTO CYLIECTBYIOT

~—
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TBep/bie TeJa H UTO OHH COCTOAT H3 aTOMOB, PACIOJOKEHHbIX B [1po-
CTpaHCTBE B BHJE NPaBU/JLHLIX PEIIeTOK, B To Ke BpeMs uesoBeye-
CKHHl pas3yM cpasy :Ke 0cO3Ha/a Obl BCe 3HAYeHHEe H POJb Ae(eKTOB
KDUCTAJI/IMUECKHX DelleTOK. Y paBHeHHA KBAaHTOBOH TEOPUH MOXKHO
ynotoOuTh NPOPHLAHHIO OpaKyJa, ONHCBIBAIONIErO B YIHBHTEJLHO
CXKAaTOM BHAe fABJAeHHs KpHcramaodusukn., OIHAKO 4Ue/l0Be4eCKHA
pasyMm He B CHJIAX MOHATb, O UeM BellaeT Opaxyd, ec/IH NMpopHllaHug
He cHabxeHb KoMMeHTapuaMmu., OOneM KOMMeHTapHeB HaXOJHTCA
B TaKOM K€ OTHOLUIEHWH K CKATbIM H3PeUeHHAM OpaKy.d, Kak Bcs
6ubana — x cruxy u3 Kuuru Jlesur. OueBuaHo, cyllecTByeT npeped,
Bblllle KOTOPOTO CXKATOCTb H3J0XKeHHS, CKOJIb Obl BO3BBHIILIEHHOH OHA
HH Obljia, K4K caMollenb [epectaer ObLITb MOJe3HOH A4 XpaHeHH:
uHpopManuu. B Hawmu AHM 3Ta CTelleHb KOHAEHCAUHH CBEACHHH B
(busyke yxe LOCTHIVIA CBOETO npejena.

CIABHUI BTOPOI'O POIA

Bosuukaer Bonpoc: 6yaer Jau pas3BUTHE Hayku (X0TA Obl 10TEH-
UHMaJbHO) HEOTPAHHYEHHO AOJTO MPOHUCXOIHUTH 110 THIY CABHUTA, T.e€.
KOT/la HOBas JUCLMIJINHA OKa3blBaercs riayOxe cTapoil u BKJAOUAET
nocJaelHw0 B cebd, Mo Kpalinell Mepe, «Bupryaspbno»? Mue kaxercs,
4TO Ha 3TOT BONPOC CJEeAYeT AaTb OTPHUATENbHBIH OTBET, NMOTOMY
YTO CABUTH, NOHMMaeMbIe B YKa3aHHOM TOJBKO 4TO CMBIC/eE, EBCeria
CBA3aHBl ¢ yraybJjeHueM ellle HAa OAYH CJAOH B «TalHBl MPUPOJLI»
i C elle 00JbLIIMM YAJAHHEHHEM LENOUKH MOHSTHH, OHHPAIOUKAXCS Ha
Gonee paunve nonatnsa. OTciofa BuIeH NPUOIMIKEHHBI XapakTep
HayunblX noHATHH. Tak, B TpHBE/NEeHHOM Bbilie MPUMepe KJaccHue-
CKOH MeXaHHKe cHadaja NMpHILJIOCh YCTYNHTh MeCTO KBAaHTOBOH Me-
XaHHKe (BBISCHHJAOCH, UTO KJacCHuecKash MexaHHKa CIpaBel]dBa B
onpeaeseHHOM NpUGIHKEHAH W NPUrOAHA JHIDbL AJs ONHCAHHA MaK-
POCKONHUECKHX ABJEeHHH). 3aTeM cTajo fICHO, UTO KjaccHuecKas Me-
XaHHKa HeaJleKBaTHA W B JAPYroM OTHOUIEHHHM, H e€ 3aMEHW/IU NoJe-
BbIMH TeopusiMu. Haxkosel, o06HapyKHJIOCb, YTO H «3aMeHHTEIH»
KJIACCHUECKOH MeXaHHKH MCIIOJb3YIOT JHIUb IPUOJNKEHHbIC TOHATHS
H MPHTOAHBL JHIBb Npud HeOOJAbLINX cKOpocTax. TakuM obpasoM, pe-
JSITHBUCTCKASl KBAHTOBasl TeOpHUs pacllojioKeHa [0 KpaliHell Mepe
B UETBEPTOM MO TIIy0uHE CJI0e H OMepupyer NMOHATHSIMH BCeX Tpex
MpPeAlIecTBYIOIIHX CJ0eB, H3BECTHBIX CBOEH HeajeKBATHOCTBIO H 3a-
MEHEHHBIX Ha UYETBEPTOH CTYHeHU MO3HaHUA Oojee IMyOOKUMH IO-
HATHAMH, Pasymeercsi, B 3TOM M COCTOHT OYapoBaHHE U IpeJecTb
PeJNTHBHCTCKON KBaHTOBOH Teopuu H BOOOIle BCAKOTO (yEAaMeH-
TAJBHOTO HCCAELOBAaHHS 10 (PU3HKe, HO B 3TOM »Ke NPOABJIIETCH H
OrpaHUYEHHOCTb pPaccMaTPHUBAEMOTO HAMH THNA Pa3BHTHA HAYKA.
Tlpu3HaHue HEALEKBATHOCTH MOHATHH AeCATOro CAOS U 3aMeHa HX
Gosiee TOHKHMH MOHATHSMH OJAHHHAAUATOTO CJ0si OYAET ropasio Me-
Hee BaXKHBIM cOObITHEM, UeM OTKPBHITHE TEOPUH OTHOCHTENbHOCTH, HO
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OJs Toro, uTo6sl HAHTH KOpeHb 3/1a, HaM HOpHIeTcsl nposecTh OoJiee
TPYAOEMKHE H IMPOAOJKHUTEJNbHBle HCCAEJOBAHHSA, yeM HEKOrjpa IMo-
HafoOuBLIMecs] IJIS1 OLEHKH TeX [POTHBOPEUHil C OMBITOM, KOTOpLIE
HCKJYada Teopus oTHocuTeabHocTH. Hertpyano npeacrasutn ceGe,
UTO HACTYNHUT H Takoe BpeMs, KOTJa H3yuYallUUA GU3HKY yTpaTHT
HHTEpec uad OyAeT NMOTMPOCTY He B CHJIAX MPOOHBATLCA CKBO3L YiKe .
HaKONMUBIIHECS CJAOH K MepelHeMy (DPOHTY HAYKH, K CaMOCTOSITE/b-
HOMY HccaeaoBanuio. Toraa 4ucjao acmupaHTOB-(PU3UKOB PE3KO yia-
JeT W NpopblB HAYKM B HOBble 00JACTH CTaHET 3aMeTHee, yeM Ip#-
BbIUHBIE HAM CJABHICH: HOBasi AMCUUIINHA VikKe He Oyxer BKJIIOUATh
B ce0s1 QM3HKY Tak, Kak, HalpUMep, TEOPUS BKJAIOUAET KAACCHYECKYIO
¢u3uxky., ITOT THN CABUTA S HA3BIBAIO CABHIOM BTOPOTO DOJA.

B HapucoBanHO MHOH KapTuHe npeAnoJaraercs, 4ro AJjst NOHH-
MAaHHS BCce pacLIMPSIOLLErocs Kpyra sapieHdid B Qu3nKy neo6Xx0qHMO
BBOLUTEL Bce Bojee u OoJee riayGoKHe NOHATHS, W 3TOT MpoOIlecc He
3aBepUIaeTCs OTKPLITHEM OKOHYATeNbHBLIX, a6COMIOTHEIX MNOHSITHH.
5l ybexeH, uTo Takoe AOIYILEeHHe BEPHO: Y HAC HeT HUKAKHX OCHO-
BAHUH OXKMIAThb, YTO HALI HHTEJJIEKT MOKET cHOPMYIHPOBATL HEKHE
abCo/IOTHEIE TIOHATHS, NPUTOAHBlE AJs NMOJHOTO OIMCAHHA HeOHylle-
BJaeHHOH npupoAbl. CaBuUr BTOpPOro poja OymeT HPOHCXOAMTH B JIIO-
060M cayuae: HayKa He jKU3HecrnocoOHa, ecJid Ha paHUlle HeBELOMOTro
He BejeTcs HCCIeJOBaHHe M HHTepeCc K 3aKOHUEHHOMY IIpeaMery
ObICTPO najaer. Bo3aMOKHO TaKxKe, YTO HH OAHA M3 AJNbTEPHATUB He
COOTBETCTBYET HAEHCTBHUTEJLHOCTH ¥ 4TO HaM HHKOIJa He yjJacres
pellHTh, aJeKBATHBl JIH «B IPHHLHIE» NOHATHS AECSITOrO €105, MPHU-
rOAHBL JIH OHH [J51 TOJHOrO ONMCAHUSA HeoAylieBJeHHOTO Mupa. OT-
CYTCTBHE HHTepeca B COYETAaHHH cO cJabOCTEIO HesOBeuecKoro pa-
3yMa MOJKET JIerKo MPHBECTH K TOMY, YTO peIleHHe BOmpoca O MoJ-
HOM aJleKBATHOCTH MOHATHA M-ro cj0d OyJer OTKJIaAbiBaTbCsl Ha
HeonlpedeseHHbH cpok. B atoM cayyae u3mka oxarkercs 3a Gop-
TOM HCCJIEIOBaHUSA, KAK YXKe 0Ka3ajducCb HEKOTODLle SIBJEHHS, CB-
3aHHBIE CO CBEPXMPOBOAMMOCTBIO, OTUETO (PH3HKH He MOYYBCTBOBAJIH
cels1 0cO6eHHO HEeCYAaCTHLIMH.

Casur BrOporo pona OyIeT 03HaYaTh He TOJBKO OTKAa3 OT TOH
HAx uHOW o6JjacTH 3HaHWsl. MHOrMe CerofiHs HAYHHAKT OLLYLATS,
YTO Mbl CJMIIKOM ROATO MpeHeOperaan OUOJOTHUECKMMH HayKaMu
M HayKaMu O pa3yMe yesJoBeKa ¥ KuBOTHHIX. Hama xapruua mupa,
HecoMHeHHo, Oblia Obl 6oJee MOJHOH, ecan ObI Mbl paclnoaaraty
6oJiee MOAPOOHBIMH CBEAEGHHAMH O pasyMe JIOAeH H MKUBOTHBIX, HX
HpaBax M ipuBblukax. OJHAKO CABUT BTOPOTO POJa MOXeT O3HaUaThb
H Opu3HaHue TOTo haKra, 4TO0 MBI HECIOCOOHB! IOJHOCTHIO HOHATH
Jdaxe HeOJyLIeBJeHHBI!I MUD (HECKOJbKO BEKOB Hasal YeJOoBeK IpH-
{eJ K aHaJOrH4HOMY BbIBOXY O CBOell HecnocoBHOCTH ¢ A0CTartod-
HOH YBEPEHHOCTHIO NIPEACKA3blBaTh TO, YTO MPOU30HAET ¢ ero AYLIOH
nocje cMepTH ero Teja). HelHe Mbl TaKXKe HCHBITHIBaeM HeKOe paso-
yapoBaHHe, TaK KaK He MOXKeM NPeJBUAETb BCe NEPHUIETHH B CyaAble
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Hamell gymwu. Xors o6 3TOM He NMPHHATO TOBOPHTR BCJYX, Mbl BCe
3HaeM, 4TO C 00lleyesOBEUECKOH TOYKH 3peHHS LeJH Halllell Hayku
HAMHOT'O CKpPOMHeEe, ueM MLest}, HanpuMep, ApeBHerpeueckoili Haykw,
H 4TO Hallla HayKa ¢ OOJIbIIHM YCHeXOM YBEJHUHBAET HAIly MOLb,
yeM HajeNseT Hac 3HAHUSIMH, NPeACTaBAAIIUMH YHCTO 4YesoBeye-
ckHit uurepec. TeM He MeHee mocJaejyollee pa3oyapoBaHue OTHIOAb
He yMeHbIIaeT TOH 3HepruH, ¢ KOTOPOH IPOHCXOIHT pasBHTHe ecTe-
CTBeHHHIX HayK. He MeHee unTeHcHBHOH OyaeT u pabora B Tex obJaa-
CTAX, B KOTOpble Hac NPUBEAYT CABHUIH BTOPOro pOda, XOTH HAM H
NMPHUXOJAHTCS OTKa3aTbcsl OT MOJHOrO OCYUleCTB/JACHHs] HallUX MeuTa-
HHH, CBA3AHHBIX C NpeXHHM M0JeM AeATeJbHOCTH.

Bce e Heb3s yMOJ4aTh U O TOM, YTO CABHUT BTOpOTO pojxa Oy-
JeT 03HauaThb HeKyl0 HOBYIO yTpaTy A/ HaykK#H U 3HAMeHOBaTh IIO-
BOPOTHHIIT MOMEHT B ee pa3BUTHM (TOBODPS O HayKe, MBI [OHHMaeMm
ee B cMbicjle NAHHOTO HaMH onpenenennsi). Koraa umciao caBUTOB
BTOPOT0 pOJa CTaHeT 3HAYUTEJbHLIM, HayKa YTPATUT Ty MNpHBJEKa-
TEJBHOCTb AJs1 MOJIOZOTO yMa, KOTOpPOil oHa of/aafaer cefiyac, H
CTaHeT ueM-TO HHBIM, MeHee yBJeKaTeJbHBIM. TOT UyJecHBIl BOCTOPT,
KOTODPbI# MBI, yUeHbie, HCIILITbIBAeM B HAacTosllee BPeMs U KOTODbIH
NPOHCTEKAeT OT HeyBsAAIOLLEr0 UyBCTBA MOLIM Hallero pasyma, Oy-
JeT HecKOJNbKO MpPUIJYLIeH CO3HAaHHeM OTPaHHYEHHOCTH HAUIMX BO3-
moxHocrelt. Ham He ocraercss Huuero Apyroro, Kak MoJiya NpU3HaTh,
4TO Hallle MBbILIJIEHHE He M03BOJIAET HaM IPUHATH K YAOBJIETBOPHTE/be
HOH KapTHHe MHpa, KOTODYIO TLIETHO MeuTaJjH IIOCTDOUTL ¢ HO-
MOIHBIO YHCTHIX pacCcyXJIEHHH ellle APEBHHE T'DEKH,

CTABUJ/IU3HNPYIOUIUE CHJIbI

Muorye U3 Hac CKJIOHHB CUHTATh W3JIOXKEHHBIE BBl paccysie-
HHS He CJIHIKOM BECKHMH, HaJlesiCh, YTO HAYKa B CHJIY CBOHCTBEHHOM
el NMPHPOAHOH KH3HECNOCOOHOCTH CyMeeT NpeofONeTb Bce Hperpa-
Ibl, KOTOpBIE, KAK HblHE Ka)KeTcsl HallleMy c1aboMy W XKaJKkomy pa-
3yMYy, CTOAIT Ha ee NyTH. TaKoe MHeHHe, HECOMHEHHO, COJIEPXKHT H3-
panuyio gonao HcruHel, OHO OCHOBAaHO Ha HeKOTOpoil ruOKo#l Kap-
THHE DPA3BHTHA HAyKH, H MBI BCKOpe 3aiiMeMCH ee pacCMOTpeHUEeM
Bosee moapobHo. Opnaxo s cuuralo, 4To Oosee MpauHaa KapTHHA
B NPHHIMNE BepHa, U Halle HHCTHHKTUBHOE HeXXeJiaHWe BEPUTH B Hee
CBfI3AHO €O CIOCOGHOCTBIO YeJIOBEYecKOro pasyma He IyMaTh O He-
IPHSITHBIX COOBITHAX, KOTODblEe MOryT NpPOH30HTH B OYyAYHIeM, €CJH
laTa MX HacTyIJIeHHs 3apaHee He npeAckasyema. Bce ke anauu-
TeJibHBlEe H HEPeIKO BecbMa HexKeJsaTe/bHble NepeMeHbl NPOHCXOAAT,
¥ THOKOCTb NMPHUPOJB! JHILIb HECKOJBKO 3aJePXHBaeT HX HacTyIlle-
uye: GU30HB! KaK HCTOYHHK ITUIIH BLIMEPJH, POJb OTAEJbHBIX EOHHOB
cBejlach K HYJIO, NOApoOHOe TONKOBAHHE TEKCTOB CBALIEHHOTO MHCa-
HYH, HEKOr[a CYMTaBHIeecs eJIMHCTBEHHO AOCTOWHBIM 3aHATHEM AJs
JIojieii, nepectano ObiTh 3JeMeHTOM Hallell KyJabTypbl. IlTpemckasa-
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HHSl BCeX 3THX COOBITHI HEKOTZa BLI3bIBAJNX HEroJoBauHue y GoJbLINX
FPYNN JIOeH, TaK Ke Kak BBHI3LIBAET Y HaC HEeroZOBaHHe H COMpO-
THBJeHHe OpollleHHOe KeM-HUOYAb 3aMeyaHHe O Hed((EeKTHBHOCTH
HaYKH.

MoXHO /i1 yxKe CErOJHSI YCMOTpPeThb KaKue-THGO Nmpu3HaKH Kpu-
suca B Hayke? [lo-Buaumomy, MoKHO. Bo-mepBbiX, 0 Kpnsuce CBH-
IeTeJNbCTBYET yiKe YIOMHHAaBIHAACS TPYIHOCTh JIOCTYIA K NepelHeMy
Kpalo HayKu. Jta TPYAHOCTb yKe ceffuac HacTOJbKO cepbe3Ha Hf
CpeJHero 4YesJOBeUYecKOTO HHTENJIEKTa, YTO JMUIb HE3HAYHTETbHAsA
YyacTb HALIWX COBPEMEHHHKOB cMOCOOHA MOJHOCTLIO OULYTHTh CHJAY
apryMeHTOB KBAHTOBOH H DPeNSATHBUCTCKOH Teopuil. XuMmus paspoc-
Jlach HACTOJIbKRO, UTO JHIIb OUeHb HEMHOCHE JIOAM MOTYT MOJYUYHUTh
xotsl Obl HOBEPXHOCTHOE MpeJCTaBJeHHe O BcexX ee pasfenax. B Ha-
3BAHHBIX HayKaX HelNpecTaHHO NpPOHUCXOASAT CABHTH TepBOTO poaa,
H HEKOTOpble M3 3ITHX CIBHIOB CJYKAT TNPEIMETOM HeCKOHUAeMbIX
HacMelleK.

Haubosee oTueTIHBO BCe BO3pacralollee NMOHAMAaHHE TOTO, UTO
orpaHHYeHHass eMKOCTb Halllero pasyMa ycTaHAaBJWBaeT TIpeLesbl B
chepe HayKH, IPOABASETCS B BONPOCAX, KOTOPhIE HaM TNPHXOAHTCSH
cabmare exenneBHo: «CToUT Jn NPOBOAUTH TO HJAH HHOE HCCJIe0-
panne?» IlouTH BO Bcex TakWxX cJyyasix NMOCTaBJNeHHAas 3a4aya HH-
TepecHa, NMPEAJOKeHHb MeTO ee pellieHHs He JIUIIeH OCTPOYyMHA,
a oTBeT 3a7auu, KakuM Obl OH HH OBbLJI, CTOMT TOrO, uTOBHLl ero sa-
noMHuTb. OZHAKO TOT, KTO COMHeBaercsl B LieJecooGpasHocTu mpo-
BelleHHs HCCTeJ0BaHUsA, OTJIHYHO CO3HaeT, KaK BeJHKO HHCJIO He Me-
Hee BAXKHBIX 3ajay H KaK OTpaHHUYEHBl BpeMs H NMaMATh TeX, KOMY
6yayT HHTEPECHBl pe3yAbTaThl, H OH OeclOKOHUTCS, He 3arepsiercs Jid
HaMeuaeMasi uM pabora B mMacce Apyrux nybJankauufi v Hafigercst Jau
y Koro-Hubyap BpeMs U FHepTHs AJS TOTO, UTOOHI MOJHOCTHIO NOHSATH
U OUEHUTH ee,— OTCIOAA M BONPOC. AHaJOrHuHble COMHEHHA B IlleJe-
coo0pa3HOCTH NPOBEAEHHs HCCJAeJ0BaHUM, NO-BUAUMOMY, BO3HHKAIH
BCerja, OfHaKo s He AyMmalo, 4ToObl oHM ObLIM Tak TayGOKH, KaK
B Hallle BpeMs, H OTHOCHJHCh K CTOJIL MHTEPECHBIM 3ajauaM. Mue
KaXeTcs, 4TO UHCJIO0 NMOJOGHBIX BONPOCOB W COMHEHHIl fa)Ke HA TpO-
TXKennH Moelt co6CTBEHHOH KOPOTKOH Hay4YHOH KU3HM 3aMETHO BO3-
pocJo.

HenaBHo @upi B Bechma riy0OKOH cTaTbe ykasaJ Ha OAHO 06-
CTOATEJABCTBO, KOTOPOE CO BpPEeMeHEM BIIOJIHE MOXKeT CTaThb MPUYH-
Ho#i capura nepeoro pona. OH o6paTui BHUMAHHE HA TO, YTO H
$hH3MKa U NICHXOJOTHA NPETEHAYIOT Ha POJb BCEOXBATHIBAIOIIKX, YHH-
BepcaJibHBIX AUCUMIVIHH: NepBas — MOTOMY, UTO OHA CTPEMHUTCH ONH-
caTb BCIO NMPUPOAY, BTOpasi — NOTOMY, UTO paccMaTtpUBaeT BCe SB-
JIeHHUs, CBSI3aHHBIE C JYXOBHOH NeSITENBHOCTBIO, a HPHUPONY CUHTAeT
CyUlecTBYIOUlell IJIs1 HAC JIHMIb NOCTOJBKY, HOCKOJBKY MBI MO3HaeM
ee. Oupi 3ameTus, YTO KapTHHBI MHpa, NMPOEKTHPyeMble B HallleM
co3HaHud QU3UKON ¥ NCHXOJOrHeH, He 0053aTeNbHO MOMNKHEI OBITH
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npotusopeunBbMH. OZHAKO uUpe3BbIYAHHO TPYAHO, a8 MOXKeET GObITb,
Jpaxe H HEBO3MOXKHO BOCIHPHHHMATDL 3TH JBe KapTHHBI KaK paajuu-
Hble acleKThl OJHOTO H TOro :Ke npeaMera. boaee Toro, Bpsax au Oy-
JeT MpeyBeJUUYEHHEM, €CJIH Mbl CKa*KeM, UTO HH OJHH TCHXOJOI He
nonumaer ¢uiaocodun cospeMeHHON ¢usnku. BepHo u obGparHoe
yTBepIKAeHHE: JHUIIb peAKUH (DU3HK NOHHUMAaeT si3blK ncuxosora. Pa-
symeercs, duaocodus NCUXOJOTHH €lle CJAHIIKOM TyMaHHa, yToObI
MBl MOPJIH HOPHATH K KaKuM-HHOYIb olipeleneHHbIM BbIBOJAM, OJHA-
KO BIIOJIHE BO3MOXKHO, YTO Mbl CaMH HWJM HAIlH CTYAEHTH CcTaHeM
CBHIETEAMH «pa3jesa» HAayKH MMEHHO 3Jech, B ob6JacT, rie -
3WKa H IICHXOJIOTHA MepeKphbIBaloTCs.

Brino 651 rayno gesath AaJeKo HAylilHe BHIBOABI H3 BO3HHKHOBE-
HHS ABYX HayK, KaxKJAasl M3 KOTOPBIX MPETEHAYET HA YHHBEpCAJbHbI
OXBar JefCTBUTEAbHOCTH, TeM 00Jee UTO B HACTOsllee BpeMs Mbl He
ycMaTpHBaeM HHUUero oOllero MeXAy HCHOJE3YeMbIMH B 3THX Hay-
Kax MOHATHSIMH H YTBepXKJeHHIMHU. He repeoneHuBas cnocoGHOCTH
Hamero pasyMa K aGCTparHpOBAaHHUIO, MBI Bce e MOxKeM oOGbelu-
HUTh (DH3HKY H IICHXOJOTHIO B OZHY Bosee rayboKVIO QHCLHILIHHY.
K Tomy ke cyliecTByer MHOro 6/1aronpusTCTBYIOIIMX HaM CTaGHJIH-
3upyowiux 3¢ ¢eKToB, MO3BOJAWIINX HAROJIT0 OTJ0XKHTb pasien
Hayku Ha obGocoOaeHnbie obsaacTH. Hexotopble n3 stux sddexros
HMEIOT MeTOJOJOTHUECKUH XapaKTep: ueM Tiy0:Ke Mbl TOHEMAaeM OT-
KPBITHS, TeM Jydllle MoxeM oObACHUTb HX. He cayuaiino, uto y Hac
IO HeJABHETO BpeMeHH OblJIO MHOTO NMPEeBOCXOAHEHUINX KHUT MO Tep-
MOAMHAMMKE H MOYTH HH OAHOH — IO KBAHTOBOH Teopuu. HBaauars
NATh JIET Ha3ald TEOPHIO OTHOCHTEJAbHOCTH (No KpaidEell Mepe Tak
TOBOPHJIOCH) MMOHMMAJAM JHULUIB ABa uej0BeKa, CerofHs ee OCHOBAM
Mbl oOyuaeMm cryAeHTOB. Jipyrue mnpumepbl ycoBeplI€HCTBOBAHHSA
METOJAHKH TPeNnojaBaHHs KaK 3a cyeT HedOJBbLIMX YHPOLIEHHI, Tak
Y BReJEeHHS HaTrJAZHBIX «eMKHX» MOHATHH U 0606ILeHUH CJAMIIKOM
OUEBHAHBI, YTOOLI HAM CTOHJIO HUX MEPEeUHCAATh.

Hpyroii BaxKHBIH cTaOUAU3NPYIOWIUN 3P DEKT AOCTHIAaeTCs yYMEHb-
menneM oObeMa nayuaemoii JAMCUMIVIMHBI 32 CUeT HCKJIOUEHHs OT-
IenbHBIX ee yacTefl. Jlwojedi Moero Bo3dpacra, NO-BHAHMOMY, Topa-
3UT NpPHMEP ¢ TeOPHeHd 3JMUNTHYeCKHX (PYHKIIHI —— TeopyueH, cTOJb
JKe HaIJIsAHON MO CBOMM MeTodaM M JOCTHTIIelt TaKHX e YCIeXOB,
Kak Ji000f pasgen coBpeMeHHOH MaTeMaTHKH, — HBIHE OHa pefaer-
csi 3a0BeHuI0. DTO CABHUI NEPBOTO POAA, HO OTHOLICHHIO K KOTOPOMY
Jlake IapHla HayK-— MaTeMaTHKa — He o6JagaeTr HMMMYHHTETOM.
Kak TakoBo#l oH clOCOOCTBYET JYyUlLeH «YCBOSIEMOCTH» MaTeMaTHKH.

Hakonen, #He HCKJII0YeHO, YTO CO BpeMeHeM HaM YJAacTCs BOCHH-
TaTh 4YeJOBeKa, UYbs MaMsATh H CIOCOOHOCTL K abcTparupoBanuio Gy-
JyT TPEBOCXOAHWTH HaIIX BO3MOMKHOCTH, WJH, NO KpafiHel Mepe, MbI
HayydMcsl pallHOHaJbHO BHIOHpATb MOJOABIX JIIOJeH, HaubGonee npu-
TOJAHBIX K HayuHoil pabore.

C Apyro# cTopoHBI, He CJeAyeT ynyckaTb U3 BHAY OAHO 00cTOsA-
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TeNbCTBO, KOTOPOE, HeCOMHEHHO, OyAeT OKa3blBaTb NPOTHBOMOJIONK-
ublil addexr. Kaxna snanus, a1060NBITCTBO, NOTPebHOCTL HCIPOBO-
BaTh COOCTBEHHBIE YMCTBEHHBIE CHOCOOHOCTM M 3J0POBHI AyX CO-
MepHUUECTBA B HAWIM [JHH B 3HAUHTEJNBHOH Mepe CTUMYJHPYIOT
JLEeITeNbHOCTh MOJIOIOTO YUEHOrO M MOCJYKAT NoOyAHTeNbHBIMA MO-
tHBaMu B 6yayileM. OMHAKO 3TH MOTHBBI He €JHHCTBEHHL! KaXK/1a
06J1erYUTh yuyacTb 4deJoBeyecTBa, YMHOXKHUThH ero CHJIbL — CTOJIb 2Ke
TpaAullHOHHbIE YEePThbl YUEHBIX, HO OHH (eCJII/l rOBOPHTb O €CTeCTBEH-
HBIX HayKax) oc/JafeBaloT MO Mepe TOTO, KaK UeJ0BeK Bce 0OoJee
MOJIHO MOAUMHSIET cefie CTHXHH U CO3HAET, UTO 3KOHOMHUYECKOoe GJa-
FOCOCTOSIHHE OIMpele/sieTcsi He CTOJNBKO MPOU3BOJACTBOM, CKOJBKO
opranu3aleil. ¥YTpara yueHbIMH CTOJb MPHBJIEKATENbHBIX KAUECTB,
HECOMHEHHO, CKaxKercsdl, H Macwitad ee HeBO3MOXKHO MpelBHIETH 3a-
paHee. h

KOJ/IJTIEKTUBHBIE MCCJIEXOBAHMSA

Ecan Hayka (M nmo WIMpHHE OXBAaTa MpejMeTa u no raybuHe)
paapacTercs TaK CHJABHO, YTO UeJOBeuecKuil pa3yM OyJeT He B CHJaXx
0OBsITh €€ H UeJOBeueCKOH KH3HH He XBATUT AJsA TOro, urobbl A0-
6paTbcsl A0 T'PAHHLB H3BECTHOTO, He MOLJIM Obl HECKOJbKO JIOAEH
06 beJHHHTLCA B TPYIIY W COBMECTHBIMH YCHAUSIMH A00HTLCA TOTO,
yero Hesp3s A00MThes B oAuHOuKy? Hesbas Ju, BMecro 10ro yto6HI,
caeays oy, BosBpamatbes k Madycauay, H3bICKATH HOBBII CIO-
€06 yBeJHUEHHS] €MKOCTH UeJOBEUECKOI0 pa3yMa-—— MyTeM Haloxe-
HAS HECKOJBKHX HHIMBHIYAJbHBLIX pPasyMOB, a He «PACTSMKEHHSI»
OJIHOTO OTAEJbHOTO pasyMa? 3Ta BO3MOXHOCTb HCC/el0BaHa Ha-
CTOJILKO MaJio, uTO JoOble YTBEPXKAEHUHS OTHOCHTEJIBHO Hee HOCAT
YHCTO YMO3PHUTENbHBI XapaxTep (HACKOJbKO s MOTY CyAHTb, GoJsee
YMO3pHTENbHBIH, YeM OCTajlbHas uacTb 3TOH craThi). Bmecte ¢ Tem
BO3MOXKHOCTH COBMECTHBIX HCCJAeJOBAHMI CcaAef0Baso Obf U3YUUTh
HaMHOrO LIKMPE, YeM 3TO [Jesaajoch A0 CHX IIOP, IOTOMY UTO B HHX Mbl
BHIMM eAWHCTBEHHYIO HaAekJy MPOJJEHHS 2KH3HH HayKe [ocie
TOro, Kak 00beM HayKH CTaHET CAMMKOM GOJBHIMM JJist OTAEJBHOTO
HHIMBHAYYMA.

BoJbIINHCTBO H3 HAC, YUEHbIX, CJAWIIKOM HHAUBHIYAJHCTHYHO
IJ1s1 TOrO, uT0OBl NPUHUMATbh BCEPBE3 KOJIEKTHBHBIE HCCAENOBaHHS.
Kak 3amMeTHJ OJHAXIAHl OCHOBATEJNH TEOPUM OTHOCHTEJbHOCTH, OH
He mpencrasJaser cefe, KakuM 00Da3oM TeOPHIO OTHOCUTENBHOCTH
MOXHO ObIO Obl C034aTh KOJJEeKTHBHO. JlefiCTBHTENBHO, €Cad Mbl
BCIIOMHMM O COBPEMEHHBIX HCCJE0BATEeIbCKHX KOJJIEKTHBAX, pabo-
TAWOIIMX T[0J PYKOBOJACTBOM OJHOTO ue/J0OBeKa, MNepefalollerc CBOU
paclnopsiKeHHs uYepe3 HayaJbHUKOB OTHEJOB, TO HAEsT COBMECTHBIX
uccJeOBaHHuil cTaHOBHTICS OO0 cMellHoro abcypaHoii. SIcHo, uro mpu
TAKOM IOAXOJe B HallleM MBbILIJEHHHd He MOXKeT IPOH30HTH raybo-
KHX MepeMeH, H Te HCCAel0BaTe/lbCKHe KOJJIEKTHBEl, 0 KOTOPBIX Mbl
YIOMSIHYJIH, TaKKe HecnocOOHBl H3MEHUTb Hallle MBILIEHHe.
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JloBoab INPOTHB KOJJIEKTHBHOTO HCCAEJOBaHHS MOKHO OGoJee
pannoHa bHO 060CHOBATDH, €C/H BOCHOJAb30BATHLCS TOHKHM aHAJH30M
NPUPOLbLl MaTeMaTHYeCKOTo OTKDHITHS, npoBeleHHBIM [lyankape.
FiMeHHO Halle MHTYHTHBHOE NMOHHUMaHHe (HAKTOB, CTOJIb YIAYHO BHI-
paxenHblix Ilyankape u Agamapom, 3acrasssieT Hac yJabi6aTbes NpH
MbIC/IE O KOMIEKTHBHOM HccaefoBanuu. Ilyankape u Apamap Bbisic-
HHJH, 9TO B OTJHYHe OT OOJBUIHHCTBA [POLECCOB MbILULIEHHS, MPO-
TeKawllUX B BBICIIHX CJAOSX CO3HaHHsA, HauboJee cylieCcTBEeHHAsS
yacTb MaTeMaTHYeCKOro MBILIJIEHHsT MPOUCXoAuT Oes cjioB. Ono npo-
TeKaeT T/Je-TO B NOJACO3HAHHH, HACTOJBKO TyOOKO, UTO JaxkKe caM
MBICIHTEIb OOBIYHO HE 3HAET O TOM, Y4TO IIPOMCXOIMT BHYTpPH Hero.

$I cunMTam, uTO DOJIb TOJCO3HATENBHOTO MblILJIEHHS He MeHee
BaXKHa M B ADYIHX HayKax M HMeer pellalolllee 3HAueHHe daxKe NpU
pelieHUH MeJKHUX TeXHHYECKHX npobJseM, KaKyUHXcs MOUTH TpH-
BHaAbHBIMH. OfuH Mol ApYyT, QU3UK-IKCIEPHMEHTATOD, PACCKAZLIBAJ
MHe (310 OBLIO JleT ABAALATh Ha3aj), uTo KOrja OH He MOTI HAHTH
Teub B CBOefl BAKyyMHO[l cucTeMme, To OOBIYHO OTAPAaBJAJCS IOLY-
asite, OueHb yacTo, BEPHYBUINCH C OPOTYJKH, OH TOYHO 3HaJ, TAe
ciaenyer HckaTh Teub. CiegoBaTrenpHo, mpobiema KOJIJIEKTHBHOTO
HOC/eOBAHHA COCTOMT B TOM, 4TOOBI IIOJIHOCTBIO OCBOOGOIUTHL H30-
OpeTaTeTbHOCTD NOACO3HAHHSI MHAMBUAYYMa H B TO XKe Bpems Ipe-
JOCTaBATh B €r0 paclopsi’>KeHHe Becb 3anac 3HAHHH, KOTODBIM pac-
noJiaraer KOJIIEKTHB,

B03MOXKHO /M CHeaaTh 3TO M KAKHM HMEHHO cHOocoO60M — B Ha-
cTosilliee BpeMsl HeH3BecTHO. MOXKHO JHlllb ¢ yBepeHHOCThbIO yTBep-
JKAaTh, YTO KOJJIEKTHBHBIE HCCIEJOBaHHS NOTPebYOT 00Mee TeCHOTo,
yeM [0 CHX [Op, cumMOu03a MeXJy OTAETbHBIMH YUYAaCTHHKAMH.
Yacrbio, HO TOJABKO 4acCThIO, 3TOr0 OoJiee TecHOro cumbuosa Oyler
BO3pOCIIasl [0 CPAaBHEHUIO ¢ JOCTUCHYTBIM HbIHE VDOBHEM JIETKOCTb
o6MeHa uaeamu u uHpopMauuei. as noaHo# 3bdeKTUBHOCTH KOJ-
JIEKTHBHBIX HCC/AeA0BaHHI HeOOXOAMMO JAOCTHYL GoJee ryy6oKOro
MOHUMAHHs JeATeJbHOCTH uejoBedeckoro Moasra. Hu ondgo u3 Ha-
3BaHHBIX YCJAOBHH He SIBJseTCS HeBO3MOXHBIM. Bosee Toro, ne uc-
KJIIOUEHO, YTO B AeHCTBHTEJNBHOCTH MBI HaXoJuMcs OJIMKe K HX OCY-
UIeCTBJEHHIO, YeM I0A03DeBaeM.

[Toka e MBI He JOJXKHBEI 3a0bIBaTh 0 ABYX (akrax. Bo-nepsbix,
06 yXe yNoOMHHABIIHXCA TPYAHOCTAX OYIyLierc pasBUTHsl HayKH,
CBSI3AHHBIX TIIPEXKJAe BCEro ¢ OrPaHHYEHHOH €MKOCTHIO UeJOBEYeCKOoro
pasyMa, a He ¢ ero OrpaHHueHHO# rayGuHoi., Jlaxe ecau HaM He
yaacresl yBeJIUUATHb [1YOGHHY UYe/IOBEUeCKOro pa3yMa, B 3HAYuTeNb-
HOHl Mepe 3aBHCSILYI0 OT MOJCO3HATEJNLHOTO MBbILLJIEHHS, AJs Mpe-
OJNOJIEHHSI [IePBOro TPENnATCTBHA (OrpaHHYEHHOH €eMKOCTH MO3ra)
MOXeT OKasaTbCs BIOJIHE JOCTAaTOYHOR KoJJIeKThuBHAs pabora. Bo-
BTOPLIX, He caeayer 3abbiBaTb U O TOM, 4YTO, XOTSl TPyMNa y4YeHbIX
He MorJa Obl IpHAYMaTb TEOPHIO OTHOCHUTENBHOCTH, OTAeJbHAsS JAHU-
HOCTh He Moraa Obl HpUAyMaTbh KOHCTPYKUHIO Mocra Jxopaxa Ba-

&
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IUHHITOHA H, NO-BHAWMOMY, JaKe X3HGMODACKHX SiIePHBIX DPEaKTO-
poB. IIpo6sieMa KOJIEKTHBHOTO HCCJAELOBAHUS COCTOHT B TOM, YTOGH
#36exaTh NOAABJEHHS MOJCO3HATEJBHOIO MBILIJIEHUS! HHANBHAYYMA
M clenaTb /Sl Hero AOCTYNHOH HH(ODMALHIO H Ra)e He3IaKOHYEH-
Hble HJleH €T0 COTPYAHHKOB. ¥YcCIexX Takoro moAxoja osxauan Gbl, 4To
OrpaHHYEeHHA «Hallell HAyKH», 0 KOTOPBIX CTOJIBKO TFOBOPHJIOCH, HAB-
JSIOTCS OTPAaHHUYEHHSIMH HAYKH HHIMBHIAyyMa.

Kaxaomy yueHOMY H Ka)KAOMY YeJOBEKY TAMeN0 CO3HABATH, 4TO
rJaBHBIH MOOYAUTENbHBII MOTHB €ro AeATeJbHOCTH HJH ero 3HOXH
o6peued Ha rubejp, OQHAKO LeaH H H/ealdbl YesOBeueCcTBa Ha HpPO-
TAXKEHHW M3BECTHOrO HAM I[IepHOJa HCTOPHM HEOJAHOKDATHO MeHs-
auck. Kpome TOro, Mbl LOJKHBI HCTBITHIBATH 9YBCTBO TOPACCTH NPH
MBICJIH O TOM, UTO JKHBeM B FepOHYecKHil BeK HayKH, B 3MOXY, KOraa
abGcTpaKTHBIE 3HAHHUSA HWHIMBHAYYMa O NPHPOJE H (KaK MH HajJeeMcsl)
0 cebe camom Bo3pacraior ObicTpee H a0 OoJsiee BLICOKOTO YPOBHS,
yeM KOrfa-nubo mpexje W, no-uauMoMy, B OyaylieM. He xouercs
AyMaTh, 4TO HallW HAeaJbl MOTYT 0Ka3aTbCs CTOJb XKe MPEeXOASLIH-
MM, KaK paccesBUIAecs HAMIO3UU. Belb Mbl, KaK 6bl TO HH ObLJIO,
JKMBEM B FepPOHUYECKHIl BeX 5THX HJeasloB.
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HEIMNOCTHKUMAS 30PEKTHBHOCTh MATEMATUKU
B ECTECTBEHHbIX HAYKAXY)

«...1I0-BUAHMOMY, 3[1eCb eCTb KaKafa-To Tai-
Ha, KOTOpYIO HaMm elle [OPEACTOHT pac-

KPBITb»,
Y. C. Nupc

PacckasblBaloT TakKyio HCTOPHIO. BCTpPETHAHCH KaK-TO pa3 [ABa
npusitess, 3HaBLiHe APYr Apyra eLie cOo CTyAeHYeCKOH CKaMbH, H
pPasroBOpUJUCh O TOM, KTO uYeM 3aHuMaercd. Ofun u3 npusrtesei
CTaJ CTaTHCTHKOM M paboran B 06JaCcTH NPOTHO3UPOBAHHST H3Me-
HEHHS YHCJeHHOCTH Hapogonacesenus. OTTHCK OJHOM U3 CBOHX
paBoT CTATHCTUK nokaszana ObiBlieMy coyuenuky. Hauunanacs pa-
6ora, KaKk GOBIUHO, ¢ rayccoBa pacnpejesnecHus. CTaTUCTHK PaCTOJI-
KOBAJ CBOeMY NpPHSTENI0 CMBICJ HCIOJAb3yeMbiX B pabote o6o3Haye-
"HUH AAf WCTHHHBIX TMOKazaTedell HApOZOHACeNCHHs, AJST CpPelHUuX
u 1. a. Hpusrenp 6bl1 HEMHOTO HeJIOBEPYHB M OTHIOAbL He GBI yBe-
peH B TOM, UTO CTATHCTHK €0 He pasbirpbIBaerT.

— Ortkyna Ttefe U3BECTHO, 4TO BCe OOCTOUT HMEHHO TaK, a He
HHaue? — CIIPOCHJ OH. — A 3T0 4TO 32 CHMBOJI?

— AX, 2T0, — OTBETHJ CTATHCTHK. — ITO YHCJO .

— A uTO OHO c3HAYaeT?

— OTHOUIeHHe IJHHBl OKPYXKHOCTH K €e JHaMeTpy.

— Hy, 3Haewb, roBopH, [da He 3aroBapHBaiics, — obGuaencs
NpusTedb CTATUCTHKA. — Kakoe OTHOLIeHHe HMeeT YHCJAEHHOCTh Ha-
poloHACeJNeHUST K [IJHHe OKPY2KHOCTH?

HanBHOCTD BOCHPUATHS ApYyra HallefO CTAaTHCTUKA BBI3HIBAET
y Hac yabl6ky. Tem He MeHee, Korjia A cjayuwana 3TY HCTOPHIO, MeHH
He MOKHJAJ0 CMyTHoe OecnoKOHCTBO, HOO peaklHs NpusTeas Oblaa
He yeM HHBIM, KaK NpPOsiBJeHHEM 3]paBoro cmeicsaa. Emge GoJibiliee
3aMelIaTeJbCTBO $1 HCIObITAl vepe3 HEeCKOJbKO [HEH, Korja OauH
¥3 MOHX CTYAEHTOB BbIpa3u/ yAHUBJEeHHe IO NOBOAY TOrO, YTO JJs
IPOBEPKH CBOMX TeOpHil Mbl OTOMpaeM JHWIb KpaililHe He3HAUHTENb-
HOE YHCJIO JaHHBIX ?).

«[Ipencrasum cebe, — cKas3as CTYAEHT, — YTO MBI XOTHM CO3JaTh
TCOPHIO, TIPHTOIHYIO JIsI OMHCAHHA fABJEHHH, KOTOPBIMH MBI 0 CHX
nop npeHeOperajy, H HeNPUTOAHYIO NS ONHCAHHSA SABJEHHH, KOTO-
pble Ka3ajuch HAM HMEIOLIMMH NepBOCTelleHHOe 3HaueHne. MoxeM Jin
Mbl 3apaHee YTBePXKAATb, YTO MOCTPOHTHL TAKYI0 TEOPHIO, HMEIOILYIO

) Hokaan npounrtan 11 mas 1959 r. 8 Hew-Hopkckom ynusepcutere Ha Ky-
PAHTOBCKHX MAaTeMaTHYecKMX Jekuuax. OnyGankopan B KypHane: Cocmm. Pure

and Appl. Math., 13, 1 (1960).
2} Peup wAéT O 3aMeuanuu Bepuepa, B To BpeMa cryAedta [IpuHCTOHCKOro

YHHUBEPCHTETA.
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MaJjo o6llero ¢ CyllecTBYIOLLeH HbiHe, HO TeM He MeHee NO3BOJSAIO-
Wy OGBACHATb CTOMb Ke LIHPOKHH KDYr siBJeHHH, Heanb3si?» §I BhI-
Hy>XAeH Obll NPH3HaTh, YTO OCOGeHHO yOelMTe/bHBIX AOBOAOB, HC-
KJIQUAIOIHX BO3MOXHOCTb CYUleCTBOBAHHS TaKOH TeOpHH, HET.

JIBe pacckasaHHble MCTOPHH CJAYXKAT HW/JIIOCTPAUUSAMH ABYX
rJIaBHBIX TeM Moero aokjaaga. IlepsBoil — o Tom, uTo Mexay mare-
MATHUECKHMH [OHATHSIMM MOAYAC BO3HHKAIOT COBepIIEHHO HEOXKH-
JaHHBIE CRSI3H U YTO HMEHHO 5TH CBfI3H MO3BOJSIIOT HAM YAHBHTEJb-
HO TOYHO H &XEeKBATHO ONHUCHIBATH pa3/uuHbie SIBJAGHUS MPHPOAEL.
Bropoit — o TOM, uTO B cHaYy nocaeaHero ofcTosiTenbcTBa  (MO-
CKOJIBKY Mbl He IIOHHMaeM MPHYHH, AeJaluMX MaTeMaTHuecKue
NOHATHA CTONb 3(P(hEeKTHBHBIMU) Mbl HE MOXEM YTBEPXKIAaTb, fB-
AsleTCs JIM TeopHs, chOpMYyJHPOBAHHAS HA si3blKe 3THX MOHATHUH,
eMHCTBEHHO BO3MOKHOH. MEI HAXOAUMCS B IIOJIOKEeHUH, HECKOJIbKO
AHAJOTHYHOM TIOJNOXKEHHIO YeNOBeKa, Aep2Kalllero B PYKAaX CBS3KY
KJAIOuell U MbITAIOUIerocsl OTKPLITh OAHY 3a APYrofl HECKOJbKO ABe-
pell. Pano uau nosgHo eMy Bcerfa ylaercs NMoLoGpaTh KJIOY K Ove-
peAHO# ABepH, HO COMHEHHSI OTHOCHTEJBHO B3aHMHO OAHO3HAYHOIO
COOTBETCTBHA MeXIy KJAUaMH H JABEPAMH Yy Hero OCTarmoTCs.

Béabwias yacrb TOro, 4To OyAET 3[4eCb CKa3aHO, He OTJIHUYAETCS
HOBHU3HOH; B TCH WM HHOH QopMe aHaNOTUYHBIE MJEH, I110-BHIH-
MOMY, NPUXOJAH/IM B TOJOBY MHOTHM YucHBIM. Mosi OCHOBHas HeJ/ib
3aKJII0UYaeTcsi B TOM, YTOObl paccMOTpeTb 3TH HAEH C HEeCKOJbKUX
cTOpoH. Bo-nepBLiX, 06paTHTb BHHMaHHe HA upe3BbluaiiHylo 3ddexk-
THBHOCTb MaTeMATHKH B €CTeCTBEHHbIX HAayKaX KaK Ha HeYTO 3ara-
ACYHOE, He MOLAAolLeecsl pallHOHAALHOMY 00BsACHEHH0. Bo-BTOpPHIX,
110Ka3aThb, 4YTO HMEHHO 3Ta CBepXbeCTeCcTBeHHAsl 3(h(eKTHBHOCTD
MareMaTHYeCKUX [MOHATHA NOAHHMMAeT BONPOC O eIHHCTBEHHOCTH
tusnueckux Teopud. Jasg 0OOCHOBAaHHA Te3HCAa O HENOCTHKHMO
BaXXHOH poOJiM, KOTOPYIO MaTeMaTHKa Hrpaer B ¢u3HKe, s IOCTa-
pawch KPATKO OTBETHTb Ha BONPOCHI: 4TO TAKOE MaTeMaTHKa U 4To
Takoe ¢H3uKa? 3areM Mbi pPacCMOTPHM, KakHM obpas3oMm Marema-
THKa BXOAUT B (PU3NUeCKHe TEOPHH H, HaKOHel,— MOoueMy yCIexH
MaTeEMaTHKH B (PU3HMKe KaxKyTCA HaM CTOJIb HEMOCTHXKHMBIMH. [o-
pa3io MeHblie OyJeT CKa3aHO MO BTOPOMY TE3HCY O €IHHCTBEHHO-
cti ¢usnueckux Teopuil. OBCTOATENBHLBIH OTBET HA 3TOT BONPOC IIO-
tpeboBas Obl OTPOMHOH paboThl Kak B 00JacTH TeOPHH, TaK H
B 0o0JacTH 3KCIEPHMEHTa; K 3TOH pafoTe Mbl MO CYHIECTBY IO CHX
[op ellle U He NPUCTYNAaJH.

YTO TAKOE MATEMATHKA?

Kro-To ckasaJg, uto ¢ujgocobusa — 310 3joynorpebieHue clie-
uManbHo paspaboraHHoi TepMmuHosorue#n'). Cueays nyxy srtoro
BBICKA3bIBaHHS, 51 MO Obl ONPENe/IUTh MaTeMaTHKY KaK HayKy O XH-

1) Tlpusesennoe 3ameuanne npunannexur [lybucnasy [1}.
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TPOYMHBIX ONEPanMsAx, NPOU3BOAHMBIX N0 CNelHaJbHO paspaboraH-
HbIM IIpaBHJaM HajAd CHeHHaJbHO NPUAYMAHHLIMH IMOHATHAMH.
OcoGenno BaxHas poJb NpPH 3TOM, Pa3yMeercsi, OTBOAMTCSA NpHAY-
MBIBAHHIO HOBBIX MOHSTHH. 3amac HHTeDeCHRIX TeOpeM B MaTeMa-
THKe OBICTPO HccAK Obl, ecaH Obl HX IPHXOAUJIOCH (POPMYJIHPOBATH
JIMIIb C TIOMOLUBIO TeX IOHATHH, KOTOpHle colepxarcsi B (HOPMYJH-
poskax akcuoM. Ho 3to eme ne Bce. Ilonstus sneMenrapHoi
MaTeMaTHKH, U B YAaCTHOCTH 3JEMEHTapHOH reoMerpud, Gblau, Gec-
CHOPHO, cHCPMYJUPOBAHBl HJis ONHCAHHS OODBEKTOB, 3aHMMCTBOBAH-
HBIX HEMOCPEeJICTBEHHO M3 peaJ/bHOro Mupa. AHAJOrHYHOE YTBep-
JKJeHHE OTHOCHTEJbHO O0Jee CJAOKHBIX MATEMATHUECKHX NOHATHH,
B TOM YHCJ/e HOHSATHI, HrPaIOLIUX BAXKHYIO POJb B (H3HKe, I10-BU-
AuMoMy, HeBepHo. Hanpumep, nmpaBuna IefACTBHH Ham mapamd Y-
cejl OBbLIHM, OUYEBHAHO, CIeLUHaJbHO HOPUAYMAHB TaK, uyTOObI MBI
MOIJIH NOJIyyaTb pe3yJibTaThl, COBIAfamlLINe C pe3yJbTaTaMu [efl-
crBuil Hax apcHsiMu. C mpaBUJaMH ke 3THX JEHCTBHH Mbl 3HAKO-
MMJIHCh, HHYErO He 3Hasi O «mapax uuces». [lpaBuja peiicTBHi,
NPOM3BOAMMBIX HajJ MOC/AeL0BATENbHOCTAMH, T. €. Haj HpPaLHO-
HA/JbHBIMH UHCJIaMH, TaKXKe OTHOCATCA K KAaTerOPDHH NPaBuJl, KOTO-
pple ObliH cHOPMYJHPOBAHLI TaK, YTO BOCIPOH3BOAUJAH I[paBHJaA
HelCTBHI Haj ykKe H3BECTHBIMM HaM BeJdHYHHAMH. DBojee ToHKHe
MareMaTHYeCKHe MOHATHA — KOMIJIEKCHble YHC/a, anareGphl, JuHeH-
HBle olepaTopnl, OOpeJIeBCKHE MHOXKEeCTBA H T. A. (3TOT CIHCOK
MOXHO OBLIO Obl NPOAOJIKATb IOYTH A0 OECKOHEUHOCTH) — OblJH
3afyMaHbi KaK NOAXOAsilHe OOBEeKTHl, C NMOMOIIBIO KOTOPHIX MaTe-
MATHK MOT IpOAEeMOHCTPHPOBATH THOKOCTh CBOETO yMa, CIOCOGHOCTD
BOCIIpHHAMATh GOPMAJLHYIO Kpacory. JlefCTBHTENbHO, onpeaeseH e
3THX IIOHSITHH H fCHOe MNOHHMAHHE TOFO, B KAKHX HHTEPeCHLIX H
TOHKHX PacCyXKACHUSIX HX MOXKHO OBbLIO Obl HCIIOJNB30BATb, CJAYyXKHT
IEPBBIM CBHJIETEJIbCTBOM OCTPOYMHS INpDHAYMaBUIEr0O WX MaTeMa-
tuka. O rnyOuHe HIeM, 3a/0KeHHOH B ()OPMYJHPOBKE HOBOTO Ma-
TEMaTUYECKOro MOHATHS, MOXKHO CYAMTb JIHLIb BIOCJACACTBHH 110
TOMY, HAaCKOJIbBKO HCKYCHO YJaercsi HCIOJb30BaTh 3TO noustHe. Be-
JUKHA MaTeMaTUK HOJHOCTBIO BJjajeeT BCEM apCceHaJoM HONYCTH-
MBIX MPUHEMOB MLINIJIEHHS H, AeHCTBYA MOAYAC BECbMa PHCKOBAHHO,
6a;aHCHPYeT Ha CaMOH TpaHU AOMNYCTHMOTLO. ¥YKe OJHO TO, YTO ero
GespacCynCTBO He 3aBeJ0 ero B TyYHHY IPOTHBOPEYHi, CaMo 1o
ceGe uygo. TpymHO MNOBepHTb, YTG AAapPBUHOBCKHH IIpOLECC ecTe-
CTBEHHOTO 0TOOpa JOBes Halle MBILLIEHHE A0 TaKOi CTeNeHH coBep-
LICHCTEA, KOTOPOH OHO, cynd no Bcemy, o6najgaer. OQuHako 37O He
Hawa teMa. OCHOBHAsl MbIC/Ib, K KOTODPOH HaM ellle NPEACTOHT Bep-
HYTBHCS,, COCTOMT B JPYTOM: He BBOAS ADPYTHX NOHATHI, KpOoMe CO-
JepKaluxcs B aKCHOMAax, MarteMaTuk cmor Obl chopMy.nupoBaTh
JHUIIL BeCbMa OTPAaHHUEHHOE HYHCJIO HHTEPECHBIX TEOpeM, H HOBHe
NOHSITHA OH BBOJHT HMEHHO TakK, 4TOOb Haj HUMH MOXHO G6blJIO
TIPOU3BOJUTE XHUTPOYyMHbIE JIOTHYECKHE OlepPalHH, KOTOpble HMMIOHHK-
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PYIOT HalleMy YyBCTBY NPEKPacHOro caMM o cefe M Mo moJayuae-
MBIM C HX NOMOLLbIO pesy/bTaraM, 00JajalowiuM GoJbIIOH NpPOCTO-
TOH M O6LLHOCTBIO!),

Ocob6enno sipkoit namocTpanyeil CKa3aHHOTO CJyXKaT KOMILJIEKC-
Hble yucaa. HUUTO B MMelolleMcs y HaC OMbITe, OYEBHAHO, He HaBO-
AMT HA MbICJAb O BBeJCHHH 3THX BeJHYHH. EciaH Ke Mbl CHPOCHM
y MareMaTHKa O NpHYHHAX ero HHTepeca K KOMIJIEKCHbIM UHC/IaM,
TO OH C HErOAOBAHHEM YKaXKET Ha MHOTOYHCJ/EHHble U3sILHble Teope-
Mbl B TCOPHH ypaBHEHHH, CTEUCHHBIX PAJOB H AHAJUTHYECKHX (PYHK-
IHA B nesoM, 00fA3aHHBIX CBOMM MOSIBJEHHEM HA CBET BBeAEHHIO
KOMIJIEKCHBIX 4HCej. MaTeMaTHK OTHIOAb He CKJIOHEH OTKAa3hIBATHCSH
oT HauGoJiee ApPeKpacHLIX TBOPEHHUI CBOEro reHus 2).

YTO TAKOE ®U3UKA?

@QH3UK BHAHT CBOW 3a4auy B OTKPHITHM 3aKOHOB HeOAYlIeBJEH-
HOH npuponbl. UToGul CMBICA 3TOTO YyTBepKIeHHUS Craj siCHBIM, He-
06X01¥MO NPOAHAJNU3HPOBATD NMOHSITHE «3aKOH MPUPOJBI».

OxpyKaloWHKil Hac MUD NOPA3UTENLHO CJOXKEH, H caMasi OYeBH[I-
Hasi MCTHHA 3aKJIOuaercst B TOM, YTO Mbl He B COCTOSHHU NpeJcKa-
3aTeh ero 6yayuolee. B H3BeCTHOM aHeKAOTe JAHIIb ONTHMHCT CYHTAET
Gyaylllee HeollpeleseHHbIM, TeM He McHee B JAHHOM cCJydyae OITH-
MUCT HpaB: Oyayulee HenpeickasyemMo. Kax 3aMeTwsa oOmgHAaMIbI
IlIpenunrep, «4yjgo, 4TO, HECMOTPS Ha MOPA3HUTENBHYIO CJIOXKHOCTD
MUpa, Mbl MOxKeM OOHApYyXKHBATh B €r0 fBJEHHAX ONpelejeHHbIE
3aKOHOMEPHOCTH» 3).

OxHa M3 TakMX 3aKOHOMepHOCTell, OTKphiTas [amujeeM, cocTOUT
B TOM, UTO [Ba KaMHs, GpOLIeHHbIe B OJHH U TOT XK€ MOMEHT Bpe-
MEHH ¢ OXHOU ¥ TOH e BHICOTHI, YNaAyT Ha 3eMJI0 OJLHOBPEMEHHO.
HMeHHO O TakHX 3aKOHOMEPHOCTAX M HAeT peib B 3aKOHAX HpH-
ponbl. ['anujeeBa 3aKOHOMEDHOCTb CTaJa MPOTOTHIOM HIHPOKOTO
KJIACCA 3aKOHOMepPHOCTeH. YIMBUTEIbHOH e ee CJEIAYeT CYUTATH
o ABYM MPHYHHAM.

Bo-nepBeix, YAMBHTENbHO, YTO 3Ta 3aKOHOMEPHOCTb HaG6/110-
naetca He ToabKO B [IM3e H He TOMBKO BO BpeMmeHa [ajuies, HO
M B Jo60M IpyroM MecTe 3eMHOTO mlapa; oHa Obisia u GyleT BepHO#
Bceraa. 1o CBOMCTBO 3aKOHOMEPHOCTH eCcThb He UTO HHOe, KaK H3-
BeCTHOe CBOHCTBO HHBapuaHTHocTH. Hekoropoe Bpemsi nasag [7]

) Ioasuu [2] (na crp. 188) rosoput cienywomee: «Bce ynmoMsiHyTule Bbillle
TPYAHOCTH NPOHMCTEKAIT eXHHCTBEHHO U3 Halilero HeXe/iaHus MOHATb, 4yTo MaTe-
MaTHKY KaK HayKy Helb3s ONpefe/uTh, He NMPH3HAB ee Haubosee O4eBUAHOrO CBOI-

CTBa == TOr'0, YTO OHA HHTEpPECHa».
2) B srolt cBsisu unrareso OyAeT HeGe3bIMTEPECHO O3HAKOMHUTHCA € BecbMa

KpacouHbiMy 3aMeuaHHsamu [Hibfepra 06 HMHTYHUHOHH3ME, KOTOpBIl NbITaeTCA
XIOOPBATH U 06e306pa3uTL MaTeMaTHKy» (cM. [3, 4]).
8) Cwm. pa6ory Llipenunrepa [5], a raxxe pabory [yGucaasa (61
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A yKe UMeJ cayuail 3aMeTHTb, 4TO 6e3 NPHHUHUIOE HHBAPUAHTHOCTH,
AHAJOTHYHBbIX TeM, KOTOpble BBITEKAlOT H3 MNPHUBEIEHHOIO BHILIE
06001leHHs1 3aMeuyeHHoro [anujeem onbiTHOro ¢axra, ¢uU3uKa He
morsa OBl CYl1eCTBOBaTh.

Bropas ynuBuTesbHast oCOOEHHOCTb 3aKOHOMEPHOCTH, OTKPHITORN
I'anuseeM, COCTOUT B TOM, UTO OHA He 3aBHCHT OT MHOTHX YCJIOBHH,
OT KOTOpbIX B IPHHLMIE MOrja Obl 3aBHCeTb. 34KOHOMEPHOCTb Ha-
Omonaercs O0e30THOCHTENBHO K TOMY, HIET JH [0XKAb HJIH HeT,
NPOBOAMTCA JIH BSKCIIEPUMEHT B 3aKpbITOf KOMHAaTe HJH KaMeHb
6pocator ¢ [Tuzanckoli magawollefi 6alHK ¥ KTO 6pocaer KaMeHb —
MYKUMHE WM KeHIMHA. 3aKOHOMEPHOCTb OCTaeTCsi BepHOM, ecau
JBO€ PAasHBIX JI0Jell OJHOBPeMeHHO GpPOCAaloT ¢ ONHHAKOBOH BLICOTHI
nBa kamHsa. CylllecTByeT, OueBHAHO, GecuHC/eHHOe MHOXKECTBO IPY-
I'HX YCJOBHI, He CYLIeCTBEHHBIX AJ/s1 BBLINOJIHHUMOCTH OTKpbiToil ['a-
JAneeM 3aKoHOMepHOCcTH. HecylllecTBEHHOCTb CTOJIb MHOTHX OGCTOA-
TEABCTB, KOTOpble MOTJIM Obl UTPATh POJb B HabAIDaeMOM ABJEHNH,
Mbl TaKKe HasblBaeM MHBAapHaHTHOCTBIO [7]. OqHAKO 5Ta UHBAPHAHT-
HOCTb HOCHT HECKOJbKO HHOM XapaKTep, uyeM NpeAblAywllasi, [o-
CKOJIBKY ee HeJb3sl CpOpMYJ/IHPOBATh B KauecTBe OGIero NMpuUHUHKIA.
HccaenoBanye ycJoBuH, BAHSIOWMX H, HA0060DOT, He BAHAKINX HA
cBoOONHOE NajeHye TeJ, SIBHJOCh YaCTbIO MEPBbIX JKCHEPHMEH-
Ta/JbHBIX HCCAEAOBAHUH INOJs CHABl TAXKeCTH. Jluwib wWcKyccrso H
13cOpeTaTeIbHOCTD 3KCNIEPUMEHTATOPa NO3BOJAIOT €My BHIGUPATH
SIBJICHUs], 3aBUCALIME OT CPaBHUTEJbHO Y3KOTO Kpyra AOCTAaTOYHO
JIErKO peaJH3yeMblX M BOCIDOH3BOAHMHIX ycaoBuit!)., B paccmar-
pHBaeMOM HaMH npuMepe HaHOOJee BaXKHBIM LIATOM NOCJYKHJIO
TO o6CTOATENILCTBO, uTO [ajujed OrpaHvudJ CBOH HalOJIOLEHHA
CPaBHUTENBHO TAXKEJLIMH TelaMH. M BHOBb MBI NO/KHBI NPH3HATH,
4yTO, He Oyib fABJeHHH, 3aBHCALLUX JHLDb OT HeGOJbLIIOTO, JErko
0G03pUMOro yucaa yciaoBHi, GH3MKa He Moraa Gbl CYILeCTBOBATh.

Xorts o6e HazBaHHLIe Bbillle O0COOEHHOCTH 3aMeueHHOn [ anuniecem
3aKOHOMEPHOCTH M TIPEACTAaBJAIOTCS BeCbMa Ba)KHbIMH C TOYKH
apenus ¢uaocoda, OHH He OblIH OCOGEHHO YAHBHTEJNbHBIMH JJs
Fanuaes u He cofepKat B cefe HMKAKOro 3aKoHa HPUPOAb. 3aKOH
NPUPOJB COAEPKUTCH B YTBEDXKACHHU: BpeMd, B TeUEHHe KOTOPOro
TAXKEJI0e TeJO Majaer ¢ 3aZaHHON BBICOTH, HE 3aBHCHT OT pa3Me-
poB, MaTepuana u ¢opMbl Majgaiollero rena. B pamkax HbIOTOHOB-
CKOTO BTODOTO «3aKOHa» 3TO YTBepXKIeHHe 3KBHBAJEHTHO yTBep-
JKIEHHIO O TOM, UTO CHJIA TSXKECTH, [NeHCTByIOWAasi Ha mnajalpoliee
TeJ0, [PCHOPIHOHAJbHA €70 Macce, HO He 3aBHCUT OT €ro pasMe-
poB, MaTepHasaa H (popMbl.

[IpoBenentbiit BEIIIE AHAAW3 MpecaefOBajd OHY LeJdb — HAMNO-
MHHTb, YTO CYIIECTBOBAHUE «3aKOHOB NPHPOALI» HE CTOJIb YK eCTe-

1) B aroil ¢BA3H CM. Takke spkufi ouepk [lefiua [8] Hlumonn obpatua moe
BHHMaHHKe Ha aHaJOrHuHylo Mbicab y [Tupca [9].
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CTBEHHO M CaMOOYEBHAHO U UTO CIMOCOGHOCTb UYEJNOBEKa TeM He Me-
Hee OTKpPbIBAThb 3aKOHBL NPHPOAL ellle Gojee yAuBHTeabHA ). ABTOp
yXKe HMeJ BO3MOXKHOCTb HEKOTOPOe BpeMs ToMy Hasajx [11]2) o6pa-
THTb BHHMaHHe uHTaTe/JeH Ha HePapXHi0 «3aKOHOB IIPHPOALI» — MO-
C1eJI0BATEeNBHOCTD CJI0EB, KAXKIABI H3 KOTODBIX COLEepXKUT Gogee LIH-
pokve ¥ ofulMe 3aKOHBI MPHPOAbI, ueM MNpPeIbLAYIIUil, a OTKPHITHE
ero osHauaer 6oJiee Iy60KOe [0 CPaBHEHHIO C YyKe H3BECTHBIMH
CI10MH NPOHHKHOBeHHe B cTpoeHHe BceseHHofi. OnHako B HHTe-
pecyiollleM Hac cayuyae HauboJsee Ba)KHBIM HABJSAETCS TO, YTO BCe
3TH 3aKOHbLI MPHPOABI BMeCTe CO BCEMH, IIYCTh Aa)Ke CaMblMH Aa-
JEeKHMH CJeJCTBUSIMH H3 HHX, OXBaTbIBAlOT JIHIIb HE3HAYUTENbHYIO
yacTb HalIMX 3HaHMHA O HeOAYyLIeBJeHHOM Mupe. Bce 3akoubl mpu-
pPOALl — 3TO YCAOBHBIE YTBEPKIEHHS, NMO3BOJSIOLLNE [IPEACKA3bIBATh
Kakue-To coObiTHsA B 6yAYyIlEM Ha OCHOBE TOTO, UTQ H3BECTHO B [AH-
Hblll MOMEHT, MpuueM /Jisf [OpeAcKasaHdusi OyAylHero HeKOTopble
ACTEKThbl COCTOSIHHSI MHpa B JaHHBI MOMeHT (NPAKTHYECKU MOAAB-
asitoillee  GOJMBIIMHCTBO YCJIOBHH, ONpelefsilOIHX 3TO COCTOAHHE)
HeCyllecTBeHHbl. HeCyllecTBEHHOCTb 34eCh NOHHMAETCsl B CMBIC/E
BTOpO#i GCOOEHHOCTH, YIOMMHABUIEHCH [PH aHagau3e OTKpuTol [a-
nujeeM 3aKOHOMEPHOCTH 3).

3aKoHbB TPHPOABI XPAHAT MOJYaHHe OTHOCHUTE/JIbHO BCero, 4To
KacaeTcst COCTOSIHHSL MHPa B J@HHBIH MOMEHT, HAlIDHMEP CYLIeCTBO-
BaHHS 3eMJIH, Ha KOTODOH Mbl JKMBeM M Ha KoTopoi Iasunieir npo-
BOJMJ CBOM SKCHEPUMEHTH, cyllectBoBaHuss CoJiHIA M BCEro, uTO
Hac okpyxaer. OTCIOfA CJeLyeT, YTO 3aKOHBL NMPHPOAbl MOKHO HC-
M0JIb30ORATH [JIsA NMpeAcKa3aHus OyAYIero JHIUb B HCKJ/HOUHTeJbHBIX
06CTOSITeIbCTBAX, @ HMEHHO JHIIb TOrJa, KOTAa H3BECTHBI BCe CY-
LeCTBEHHbBIe (/151 MpejcKasaHHus OyAyllero) YCJ/OBHUS, Olpenessio-
e CCCTOSIHHE MHpa B JAaHHbIH MoMeHT. OTCIOAa Ke cjelyer, 4To
co3faHpe MalllnH, QyHKOHOHHPOBAHHE KOTOPBIX (H3UK MOXET Mpes-
BUJETb 3apaHee, siBasercsl HanboJgee 3PpGheKTHHIM €ro MOCTHXKeHHEM.
B stux MawmuHax GH3MK CO3MAeT CUTYalHIo, IIPH KOTOPOH Bce Cy-
lleCTBEHHbIE MapaMeTPbl M3BECTHHI H TOBeJdeHHEe MalluHbI IpeacKa-
syemo. [TpuMepaMHu TakHX MaillKH MOTYT CJYXKHTb pafapbl U sjep-
Hble peaKTOphl.

FnzBHast 1e1b, KOTOPYIO Mbl IIpecsefoBaJu A0 CHX [OP, — IO-
KazaTb, 4YTO BCe B3aKOHB NPHPOLLI TPEeACTaBAAIOT cOGOH HeKue
VCJOBHbIe YTBEPIKAEHHSi M OXBATBIBAIOT JHIIb OYeHb HeGOoJbIIYIO
yacTh HalUMX 3HaHui o6 okpyxkamwuem wmupe. Tak, Kiaaccuueckas
MexaHiKa — HanboJee H3BECTHBIT MPOTOTHN (H3HYECKOH TeopuH —

1y Ilpeaunrep [10] roBopuT, 4To BTOpOE uyAO TaKikKe MOXKET BEIXOAMTH 32

PaMKH 4eJ0Be4ecKOro MOHHMaHHs.
2) Cwm. takxke pabory Maprenay [12].
3) ABTOp cuMTaeT H3JHUIHHM HAOMHMEATh O TOM, YTO NpHBeJEHHAs Boite Hop-
MyJHPOBKa 3akoHa T'a/lufes He HCUePTbIBAaeT MOJHOCTHIO COAePXKAaHHA BLITIOJHEH-
ubix [aduieeM HaG/ofeHHil 00 BBIAC.EHHIO 3aKOHOB CBOOOMHOrO NAajeHus Te.
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M03BOJISIET YKA3BIBATh 10 H3BECTHBIM KOODAHMHATAM M CKOPOCTAM
MmoOHIX Tes BTOPble IPOH3BOAHLEIE OT KOODAHHAT 3THX TeJjl MO Bpe-
MeHH, HO HHYero He T'OBODHUT O CYLIECTBOBaZHHHM CaMHX TesJ H 3Ha-
yeHHsIX HX KOOPAHHAT W CKOpOCTeHl B JaHHBII MOMEHT BpEMEeHH.
WicTiHbl paju ciefyeT YNOMSIHYTb H O TOM, YTO, KaK CTaJo U3BECTHO
JeT TPUALATh Hasaj, Jayke yCJOBHble YTBepxKAeHHs, B hopMe KOTO-
pHIX Mbl BHIpa)KaeM 3aKOHBl IIPHPOJbI, He SABJAITCS a6GCOIIOTHO
TOYHBIMH, I[IOCKOJIBKY [IPELCTaBJAAIOT cOOOH JIHIIb BePOSTHOCTHbIE
3agonbl. Ouupasick Ha HUX M HUCIOOJAB3Ys TO, YTO HaM H3BECTHO
0 COCTOSIHMH HEOAYIUEBJEHHOTO MHpa B JAHHBI MOMEHT, MBI MO-
JKeM JIHIIb 3aKJiovyaTb GoJjee H/JIH MeHee pasyMHLle rapd o ero 6y-
AYUIMX CBoHcTBaX. BeposiTHOCTHLI Xapakrep 3aKOHOB MPHPOAH He
MO2BOJIsIeT HAaM BBICKA3bIBATb HHKAKHX KaTeTOPHUECKUX YTBepiKie-
HMH, Aa¥Xe ecJd OTPAHHUHTBCA KATETOPHUECKHMH YTBep:KACHHSMH,
coflepxaHHe KOTOPBIX OOYCJAOBJEHO COCTOSHHEM MHPa B JAaHHBIA
MOMEHT. BepOsITHOCTHBIII XapaKTep «3aKOHOB MPHPOALI» MPOSB-
JAfieTcsl H B CJIyYae MallMH, H ero HeTpyAHO oOHapyXHTb, MO Kpaii-
Heli Mepe B fANEpHBIX peakTopaX, paDOTawOIIMX B pekUMe OueHb
MaJjoii MomuoctH. Tem He MeHee o6JgacTb 3HAHHH, OXBaTblBaeMasd
3aKOHAMH TPUPOJBI, NMOJABEpPKEHA IOMOJHHTEIbHBIM OTPaHHYEHHSM,
BHITEKAIOUIMM H3 BEePOSITHOCTHOTO XapaKTepa 3THX 3aKOHOB1!)
(B masipHeRlleM 3TH OrpaHHUYeHHst He OYAYT HIpaTb JJIs Hac HHKa-
Koii poJiu).

POJ/Ib MATEMATHKHU B OM3NYECKHUX TEOPHUAX

OcBexXUB B NaMaTH HauboJsee CyLleCTBeHHble YEPTBl MaTeMaTH-
KH M (QHM3UKH, MBl MOXKeM Telepb Jyullle paso6paTbCcsl B TOH pOJH,
KOTGPYIO MaTeMaTHKa Hrpaer B (H3HYECKHX TEOpHAX.

B cBoeli noBcegHeBHOH pabore (u3HK HCIOAb3yeT MaTeMaTHKY
A/ TOJyYeHUs: pe3ysnbTaTOB, BLITEKAIOIIUX M3 3aKOHOB NPHPOJHI, H
AJ5 IPOBEPKH HPUMEHHMOCTH YCJIOBHBIX YTBEPXKIEHHH 3THX 3aKOHOB
K HauboJsiee 4ACTO ECTPEUAIOUIMMCS HJIH HHTEPECYIOUUM ero KOH-
KPeTHHIM 06CTOsITeNBCTBAM. UTOOH 3TO OblJIO BO3MOXKHBIM, 32KOHBI
NPHpOAbl JO/LKHBL (QOPMYJNHPOBATHCA HA MAaTeMAaTHYECKOM f3LIKE.
OjHako mojyueHHe pe3yJbTAaTOB HAa OCHOBE YyiKe CYIIeCTBYIOIIHX
TeOopHii — OTHIOAb He CaMas Ba)kHas POJib MaTeMaTHKH B (H3HUKe.
Hcnoansia 31y QyHKUHIO, MaTeMaTHKa, HJH, TOYHee, MNpPHK/aLHAasl
MaTeMaTHKa, ABJSIeTCS HE CTOJbKO XO3fIHMHOM IOJIOKEHUS, CKOJbKO
CPEACTBOM AJil IOCTHXKEHHS OIpeLeIeHHOHN UeJH.

MareMatike, OfHAKO, OTBOAHTCA B (H3MKe M jpyras, GoJee
«cyBepeHHasi» podb. CyTb ee CONEPKHUTCA B YTBEPKIACHHH, CHeJaH-
HOM HAaMM IPH OGCYKIEHHH POJH IPHKJIAAHOH MaTeMaTHKH: 4TOGH
cTaTh OOGBEKTOM NpPHMeHEHHS TPHKIAAHOA MaTeMaTHKH, 3aKOHH

1) Cm., nanpumep, pabory Lpeaunrepa [5]
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RPHPOABI AOJKHBl (POPMY/IUPOBATLCA HA A3hIKe MaTeMaTHKU. YTBep-
JK/AeHHe O TOM, YTO NpPHPOJAa BHIPAXKAET CBOM 3aKOHBI HAa s3bIKe
MaTeMaTHKH, MO CyIecTBY Obl10 Bblckazano 300 ser Hasan!l).
B Hamu nHM oHO BepHO GoJee ueMm Korga-nu6o. Uto6e nporeMoH-
CTPHPOBAThb BCIO BaXHOCTb HCIOJb30BAHUS MaTeMaTHYECKHX MOHS-
THH Npd QOPMYJHPOBKE 3aKOHOB (H3UKH, JOCTATOYHO BCIOMHHTD,
HanpuMep, AaKCHOMbI KBaHTOBOH MeXaHHKH, CHOPMYJHPOBaHHbBIE
B SIBHOM BHJe BeJHKUM MatematHkoM ¢oH Heiimanom [14] u B He-
fIBHOM BHIe BeaukuM ¢usuxkom Jlupakom [13]. B ocHoBy kBaHTOBO#
MEXaHHKH TIOJIOJKEHBl ABa NOHATHS: IOHSATHE COCTOSIHUH M MOHSATHE
Habmonaemeix. COCTOSIHHS — 3TO BEKTOPBHl B TuJab0epToBOM Ipo-
cTpancTse; Hal/l0jaeMble — CaMOCONpSiKeHHble ONepaTopsl, aeifi-
CTBYIOLIHE Ha BeKTOPBbl cOCcTOsHHSA. B03MOKHble 3HaueHHs HabJio-
ZaeMBIX ONpeNensioTcss coOCTBEHHBIMH 3HAYEHHSIMH 3THX ONeparto-
pOB W T. L., HO Mbl NpeanoyutTaeM OCTAHOBHUTHCH Ha 3TOM H He
NepeuncasiTh MaTeMaTHYeCKUX NMOHATHH, PA3BUTLIX B TEOPUH JHHENl-
HLIX OnepaTopos.

Pasymeetcs, 15 GOpPMYJHPOBKH 3aKOHOB NPUPOABI (PU3HKH OT-
f6upaloT JHUIIb HEKOTOPbIE MaTeMaTHuecKie MOHATHS, HCIOAb3Ys,
TakuM oOpa3oM, JHIIb HeGOJBIIYIO JO/MI0 BCEX HMEOUXcA B Ma-
tTeMatuke noHATui. [IpaBna, moHATHA BHIOMPAIOTCS M3 JJIHHHOTO
CHHCKA MaTeMaTHYeCKHX NMOHATUI He NPOH3BOJABLHO: BO MHOTHX, €CJIH
He B GONBIIMHCTBE, C1yyasix HeoOXOAMMbie MOHATHA ObLIM He3aBH-
CHMO DAa3BHTH (H3WKaMH, W JHUb BIOCAEICTBHH OBLIO YCTaHOB-
JIEHO WX TOXAECTBO C NMOHATHSIMH, YK€ H3BECTHBIMH MaTeMaTHKaM.
OpmHako yTBepK/JIaTh, KaK 5TO HepelKO NPHUXOIHTCA C.AbllaTh, 6yATO
TaK TMPOUCXOIUT MOTOMY, YTO MATEMATHKH HCIOJB3YIOT JHLIb NPO-
cTedlllMe U3 BO3MOXKHBIX NMOHATHH, a Moc/eJHHe BCTPEYATCS B JIO-
GoM ¢opmanuame, Obl10 6Bl HeBepHO. Kak MBI yke Buie/H, MaTeMa-
THYECKHE TMOHSITHA BBOAATCS He H3-3a HX JOTHYECKOH HPOCTOTHI
(maxe MoC/AeLOBATENBHOCTH [1ap YHCeJ — IOHSTHS JajeKo He Mpo-
CThie), a IOTOMY, UTO OHH OCOGEHHO JIeTKO NMOJAJaKTCH TOHKAM JIOTH-
4eCKMM olicpanusM H obseruapor NposefleHue TayO6okux u OJecTs-
mux paccyxnmeHdui. He cienyer sabniBaTh, 4TO THIBOEPTOBO INIPO-
CTPAHCTBO KBAaHTOBOH MeXaHHKH — 3TO KOMILJIEKCHOE T'HIbOEpPTOBO
IPOCTPAHCTBO C 3PMHTOBHIM CKAJISIDHBIM IpOH3BelieHHeM. [1as He-
NOATOTOBJIEHHOTO yMa IOHATHE KOMILJIEKCHOTO YHCJIa [aJeK0 He
eCTeCTBEHHO, He MPOCTO H HHKAK He CJaeAyeT U3 (H3HUECKHX Ha-
Gmiogenu#i. TeM He MeHee HCNOJb30BAHHE KOMIIEKCHBIX UHCEJ
B KBAHTOBOH MeXaHHKe OTHIOb He SIBJASETCS BLIUHCJAHTENbHBIM TPIO-
KOM NPHKJIAAHOH MaTeMaTHKH, a4 CTAHOBHTCSl TIOYTH HeOGXOLUMBIM
npu (opMyJHPOBKE 3aKOHOB KBaHTOBOH MeXaHMKH. Kpowme Toro,
NO-BHIHMOMY, HE TOJIbKO KOMIIEKCHBIM YHCJaM, HO U Tak Ha3blBae-
MBIM aHAJIHTHYECKHM QYHKIUHAM CYXKAEHO CHIFpaTh pPelIAIoLYIQ

1) Ero npunuchBaioT [ anuaern.
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poab B QopMy/JaHPOBKe KBaHTOBOH Teopud. §I uUMeio B BHILY GHICTPO
Pa3BUBAIOLLYIOCS TEOPHIO HHCIEPCHBIX COOTHOLIEHHI.

HeBonbHO co3paerTcA BHeuaT/AeHHe, UYTO HYAO, C KOTOPHIM MBI
CTaJKHBAaEMCs 31eCh, HE MeHee yAUBHTENbHO, UeM 4y10, COCTOSIIEe
B CI0COGHOCTH YeJIOBEYeCKOTO pPa3yMa HAHH3bIBaTh OJHH 32 APYTHM
THICSIYM aPTYMEHTOB, HE BNajas OPU 3TOM B NPOTHBOPEUYHe, UJH ABA
JIPYrHX Uy[a — CYHIECTBOBAHHE 3aKOHOB IPHPOJAB H YeJOBEUECKOTO
pasyma, crnoco6HoOro packpbiTh uX. M3 Bcero, 4to mHe H3BeCTHO,
6oJbuIe BCero MOXoXe Ha OObsACHeHHE MJOAOTBOPHOCTH HCHOJAb30BA-
HUsi MaTeMaTHYeCKHX MOHATHH B QU3HKe 3aMeuanue IiHuUITeiHA:
«Mbl ¢ TOTOBHOCTBIO BOCHPHHHMAaeM JHIIb Te (PHU3HUECKHE TEOPHH,
KOTOphle 00/1a4al0T H3aLlecTBOM», MoxeT NoKasaThCcsi CHOPHBIM,
UTO MOHATHA MAaTeMaTHKH, IIOCTHXEHHE KOTOpHIX TpebGyeT Hamps-
JKEHHOH paBoTbl MbICJAH, 00JaXal0T U3SAIMECTBOM. 3aMeuaHde IiH-
IITefiHa B JyulleM cJydae OTpa)<aeT OMNpelesSeHHble OCOOEHHOCTH
TEOpH#, B KOTOPYIO Mbl [OTOBBl MOBEPHTh, U He 3aTpParuBaer BHY-
TpeHHell HenpoTHBOpPeUMBOCTH Teopud. Paccmorpenuio nociepxed
npobsaeMbl NMOCBAIAETCA CJAEAYIOLIMN pas3fed] Halero AOKJana.

TAK Ji ¥)K YIAHUBUTEJIEH YCIIEX ®U3WUECKHUX TEOPUIM?

[Touemy ¢u3uk wucnonb3yeT MaTeMaTHKY A9 (GOpPpMYJUPOBKH
CBOHX 3aKOHOB NPHPOALI? DTO MOKHO OOBACHHTHL TeM, YTO (hH3HK
JIOBOJIBHO 0€30TBETCTBEHHO OTHOCHMTCSI K CBOHM JeiicTBuaM. B pe-
3yJabTarte, Korga oH 0o0HApy)KHUBaeT CBA3b MeXKJAy IBYMsl BeJHYH-
HaMH, HAllOMHHABOIIYIO KaKylo-HHOyAb CBfI3b, XOPOLIO H3BECTHYIO
B MaTeMaTuKe, OH TOTUAC K€ JleJaeT BHIBOA, UTO OOHAPYKEeHHas UM
CBSI3b U €CTb BMEHHO Ta CBsi3b, NMOCKOJDbKY HHKaKHe JApyrie CBs3U
TOTO K€ TUNa €My HeM3BecTHbl. B cBOeM JOKMage # BOBCE HE CO-
fupalochb OIpOBepraTb BhHIABHTraeMoe NPOTHB (Qu3uKa OOGBHHEHHE
B TOM, 4TO OH Bejer ceGst HeCKOJbKO 06e30TBeTCTBeHHO. B kakoii-to
Mepe ITOT YOpeK crhpaBe/iuB. BakHO 3aMeTHTh, OIHAKO, 4TO Ma-
TemMaTtHyecKkas (OpPMYyJHPOBKa MNOJYUYeHHBIX (H3MKOM 3a4acTyio He
CJIHIIKOM TOUHBIX 3KCIEePHMEHTAJIbHLIX MAHHLIX IPUBOAUT B OLPOM-
HOM uHcJ/e cayd4aeB K YAMBHTENbHO TOYHOMY ONHCAHHIO HIHPOKOIO
KJacca sBJAEHHH. DTO CBHAETEJbCTBYET O TOM, UTO MaTeMaTHUeCKui
13bIK CJYKHT HE TOJAbKO CPeACTBOM OOILIEHHA, HO U SIBJISIeTCSl €IHH-
CTBGHHBIM SI3BIKOM, Ha KOTOPOM Mbl MOXeM TOBOPUTb. [IpaBusbHo
6yneT ckKasaTh, YTO MaTeMaTHYeCKHH sI3blK OTBevaeT CYHIECTBY Je-
sa. PaccMOTpUM HECKOJIBKO NPHMEPOB.

ITepBolit puMep BCTpeuaercd 0COGEHHO 4acTO — 3TO [ABHIXKEHHE
nJjaner. 3aKOHB CBOOGOAHOTO NajeHusi OblIM HaLeXKHO YCTaHOBJEHb
B pe3yJbTaTe 3KCIEePHMEHTOB, IPOBEAEHHBIX TJABHHIM 006pasoM
B Urajnu. DTH 3KCriepuMeHTH He MOIVH ObITb OY€Hb TOUYHBIMU B TOM
CMBIC/Ie, KaK Mbl [OHUMAaeM TOYHOCTb CErofHsi, OTYACTH H3-3a CO-"
[POTHBJEHHA BO3]yXa, OTYACTH H3-3a TOro, 4T0 BO BpeMmeHa I'anuies
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elile He YMeJH H3MepsiTb KOPOTKHE NMPOMEKYTKH BpeMeHH. TeM He
MeHee He YJIHMBHTEJNBHO, 4YTO B pe3y/JbTaTe 3THX HCCAEAOBAHUI
UTaNbsAHCKHE (DM3HKH y3HaJH O TOM, KaK [BHKYTCA TeJa CKBO3b
atMmocdepy. 3ateM HeloTon conocTasua 3akoH cBOGOAHOIO MajeHUs
Tesl ¢ JABHKeHHeM JIYHBI, 3aMeTHB, YTO nNapado/Hueckas TPaeKTO-
pHs Majaloilero KaMHs Ha 3emJe M Kpyrosas op6ura JIyHel Ha
HeOe SIBASIOTCH YACTHBIMH CJIYUAfMHU OAHOTO U TOLO Ke MATeMaTH-
yeckoro o0bekTa — aanunca. HploTOH nocTyauposas cBOH 3akKOH
BCEMHPHOrLO TATOTEHHS, ONUPAsiCh HA e/IHHCTBEHHOe H B Te BpeMeHa
BecbMa rpy6oe uncjeHHoe coBrnageHue. C ¢unocodckoil Touku 3pe-
HUsi copMyaupoBaHHbE HbIOTOHOM 3aKOH TATOTEHHS INPOTHBOpE-
YK U AyXYy TOro BpeMeHHM M camoMy HeloTony. C Touku 3peHHs 3KC-
nepuMeHTa 3aKOH BCEMHPHOI'O TSTOTeHHsi ObI OCHOBAH HAa BecbMa
OTPbLIBOUHBIX HabmwAeHUAX. MaTeMaTHueCKHN s3BIK, Ha KOTOPOM
5TOT 3aKCH OBl cHOPMYJHPOBAH, HCIOJNL3YeT NOHATHE BTOPOH MpO-
H3BOJHOW, a Te U3 Hac, KTO XOTb Da3 MNBITaJCst MPOBECTH COMpPHKA-
CalOULYIoCAd OKPYXKHOCTb K KaKOH-HUOyJb KPUBOH, 3HAIOT, YTO NOHS-
THe BTOPOI IPOH3BOJHOH He CJAHIIKOM HAarJIAAHO. 3aKOH BCEMHPHOTO
TsiroTeHus, KOTopbifl HblOTOH, He Kesjas TOTro, yCTAHOBMJ M KOTO-
pbifi OH MOT {IPOBEPHTDH JHIIb ¢ TOYHOCTbIO okoJgo 4%, npu nposepke
0xasaJjcs npaBuabHbiM ¢ TouHOCThIO 0 0,0001% ¥ HAacTONBKO TeCHO
aCCOUMHPOBAJCA ¢ NpeacraBaeHHeM 06 abCOMIOTHOH TOUYHOCTH, YTO
(PU3UKH JUIIL HEJaBHO OCMEIHJNCh BHOBb 3aHATHCS HCC/EN0BAHHEM
npenesos ero tounoctu [15]. Ha mpumep ¢ sakonom Herworona ccbi-
JIAJICh M CCBLJIAIOTCS MHOTHE aBTOpPHL.. MBI He MOIJIM HE TNPHBECTH
€ro MepBEIM KaK (yHAaMeHTaJbHLIA IIpHMep 3aKOHa, (GopMmyaupye-
MOT'O C MOMOILBIO MPOCTHIX C TOYKH 3PEHUST MaTeMAaTHKa MOHATHH H
06J1a4a101llero TOYHOCTLIO, Jexallell AaqeKko 3a NpejeqaMH BCAKOTO
pasyMHOr0 OxKHAaHUfA. Bocnosb3yeMcs 3THM HpHMepoOM AJs TOrO,
yToObl elile pa3 cpopMyJHPOBAThL Halll OCHOBHOH TE3UC: BO-TEPBHIX,
3aKOH BCEMHPHOTO TATOTEeHHs (OTYaCTH IOTOMY, 4YTO B ero GopMmy-
JUPOBKY BXOJUT IOHSITHE BTOPOH INPOU3BOJAHOH) MNpOCT JHIUL AJSA
MaTeMATHKa, HO OTHIOAL He s OOLIKHOBEHHOrO 37paBOMBICHASLIErO
ye/0OBEKA M Jla)e He A5 MepBOKYDPCHUKA, €CAu TOT He obJjapmaer
MaTeMaTHYeCKHMH CTNO0COCHOCTAMH; BO-BTOPBIX, 3aKOH BCEMHPHOTrO
TATOTEHHS] — 5TO YCJOBHbLIH 34KOH C BeCbMa OrpaHHuYeHHOH cdepoit
npumeHuMocTH. OH HHUYero He TOBODHUT HH O 3eMJle, NPUTATUBAI-
el Te KaMHH, KoTopble Gpocan [ajusefi, HU 0 Kpyrosoii opme
JYHHOH OpOMTH, HH O IJIaHeTaX COJHeYHOH cHcTeMbl. O6bsicHeHHe
BCEX ATHUX HayaJbHBIX YCJOBHI OCTAeTCs HA LOJHO Ies/ora W acTpo-
HOMa, U 3ajJaya, CTOAllas Nepef HUMH, OTHIONb He JIerKa.

BTOpBIM NMPUMEPOM CJYXKHUT OObLIYHAs 3JeMeHTapHAs KBaHTOBAN
mexanvka. IlocienHsis Geper cBoe HAyaJo ¢ TOO MOMEHTAa, KOria
Maxkc Bopn 3ameTuJs1, 4TO HEeKOTOpHIe TIpaBu/a BBIUHC/EHHI, pa3pa-
6orannble [eiizenbeprom, ¢opMaJbHO COBNALAIOT C AAaBHO H3BECT-
HbIMM MaTeMaTHKaM MNpaBuilaMy RelcTBul mHap Marpuuamu. Bopw,
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Hopnar u Tefisen6epr npel/ioXKHIH 3aMeHHTb MaTpHLUAMH mepe-
MEHHHe, OTBeqaloliie KOOPAHHATAM H CKODPOCTSM B YpaBHEHHAX
KJaccHuecKoi MexaHHKH [16, 17]. OHU npHMeHUJH MpaBHJIA MaTPHY-
HON MeXaHMKHM K PelIeHHI0 HeCKOJNbKHX CHJIbHO HIeasM3HPOBaHHBIX
npc6iaeM u NpPHILIH K BeCbMa YAOBJIETBODHTE/]bHBIM De3Y/AbTATAM,
ONHAKO B Te BpeMeHa He ObLI0 pPa3syMHbIX OCHOBaHHH HaJesTbes,
YTO NOCTpOeHHasi HMH MaTpHUYHAs MeXaHHKa OKaKeTcs BEpHOH H
npu Oojiee peadbHbiX ycjdoBUsiX. CaMH aBTOPBl HaJeAsHCh, YTO
npejJIoKeHHass UMH «MeXaHHKA B OCHOBHOM OKAaxeTcs BepHOMs.
[TepBbIM, KTO HECKOJBKHMH MeCsL@MH [1033Ke NPUMEHH] MaTpUUHYIO
MEeXaHHKY K DelUeHHIO DeaJsJbHOH 3aJauu — aToMy BOAOPOAA, — Obla
[Tayau. [TonyuenHble UM pe3yJbTATHl OKA3aJUChb B XOPOIIEM COTJa-
CHH ¢ 3KCIlepHMeHTOM. Takoe NOJOXKeHHEe Aesi BBI3BIBAJIO YA0BJETBO-
peHHe, HO ObBLIO elle OO'BACHHMBIM, TOCKOJBKY NPH BLIBOAE CBOMX
npaBua l'efizenbepr HCXOAHJ M3 NpobaeM, B YHCIO KOTOPbIX BXO-
AuJg crapas Teopus aToMa BoAopoAa. Uylo MpPOHM3OULIO JIHIHIb TO-
rja, Korja MAaTpHUHYIO MEXaHHKY MJH MareMaTHuecKd 3KBHBA-
JIEHTHYIO efl TEOpHIO0 NPHMEHUJIH K 3ajadaM, sl KOTOPLIX NpaBuiaa
[efizenbepra He umenn cmeicaa. IIpu soiBoge npasua [efizenGepr
ripeiiionaral, 4To KJacCHYeCKHe YpaBHEHHs [BHKEHHUT MOMYCKAKT
pelileHds, o6aafalolite onpeaeJeHHbIMY CBOUCTBAMHY NEePHOAHYHOCTH.
YpapHeHHs Ke IBMKEHHS ABYX 3JEKTPOHOB B aToMe rejust (H/IH
elile GOMBIIETo YHCAA SJAEKTPOHOB B GoJee TAXKeABIX atomMax) He 06-
JAaJa0T 3THMH CBOHCTBaMH, W npaBuia [efisen6epra B 3THX cayuasx
HeNpuMeHHMBI, TeM He MeHee OCHOBHOE COCTOSIHME TeJivst, BbIUHCJEH-
Hoe HecKosbko MecsilleB cnycrs Kunowwro#t B KopuennbckoM yHu-
sepcutere u bs3au B Blopo cranxapTos, B npedenax ToURoCcTH HabJI10-
JeHu#, cocrasassuied okoao 0,0000001, saxoauaocy B coraacuu ¢
IKCMEPUMEHTAJBbHBIMY JAHHBIMH. B 3TOM cayyae MBI NOHCTHHE H3-
BJIEK/IM U3 YpaBHEHUH HEYTO TAKOE, YTO B HUX HE 3aKJabIBaJIH.
Anajsordugast cuTyaiiusi BO3HHMKJAA W IIPH U3YYEHHH KaueCTBEH-
HBIX OCOOEHHOCTEH «CJOXKHBIX CIEKTPOB», T. €. CIEKTPOB TAMKEJBIX
atomoB. §I BCcmOMHHAIO OAMH pa3sroBop ¢ Mopmaanom, KoTOpbIf cKa-
3aJa caenyioiee: «Korga OBIIH MOMyYeHBl Ka4eCTBEHHbIE 3aKOHOMeED-
HOCTH CIIEKTPOB, IIOCJENHAS BO3MOXKHOCTb H3MEHHTb OCHOBBI Ma-
TPHYHOH MEXaHHKH COCTOS/Ia B TOM, 4TOObl OOHAPYKUTH MPOTHBO-
peure Mex1y NpaBHIaMM, BbIBeJeHHHIMH H3 KBAHTOBON MeXaHHKH,
H TPABUJIAMH, YCTAHOBJEHHbLIMH B PE3yabTaTe 3KClepHMeHTa/bHBIX
nceneposannfi». Muave roeopst, Mopnan noHumasn, mackosabko Gec-
HOMOIIHBIMH Mbl OKaszaJHucb 6bl (IO KpafiHell Mepe BpeMeHHO),
ecau Gbl B TEODHH aTOMa resys HeOXKHJAHHO BO3HHMKJ/IO NPOTHBOpE-
upe. Teopuio aroma resus B T0 BpeMs paspabarniBain Keannep
u Xuaepaac. Mcnonb3yeMblt HMH MaTteMaTHueCKHH popmanusm 6nia
CJAHIIKOM SICéH M He3blbJjeM, H, He NpPOH30HAM YUOMSHYTOe Bhillle
yyao ¢ reaueM, KpusHc Obi1 Gbl HensGexeH. Pasymeercs, dusuxa
cyMena 6bl Tak MM HHade NMpeofoseTh 3TOT KpH3uc. BepHo u apy-
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roe: $U3MKA B TOM BHJEe, KAK Mbl 3HAEM €& CETOAHSN, He Moria Obt
CYIIeCTBOB2Th, €CJH Gbl MOCTOSIHHO He . MOBTOPAJIMCh YyJeca, IoO-
N00Hble YYyAy C AaTOMOM Tre/Hs, KOTOpOe, INO-BUAMMOMY, cJenyet
cyxrTath Hambosee YIHBHTEAbHBLIM, HO JaJieK0 He eIMHCTBEHHBIM
coObiTHeM BO Bceff MCTOPHM DA3BUTHS 3JeMEHTApHOH KBaHTOBOR
MeXaHUKH. lepedyeHb Tak#x UyJec MOXKHO OblIO OBl HEOTrPaBUUYEHHO
nponoJxaTb. KBaHTOBass MeXaHHKa [OCTHIJIA MHOI'HX IOYTH CTOMb
Ke YIUBHTENbHBIX YCIEX0B, U 3TO BCeasieT B HAac YBEPEHHOCTb
B TOM, UTO OHa, KaK Mbl 'OBOpUM, BepHA.

B kauecTBe mocsenHero npuMepa pacCMOTPUM KBAHTOBYIO 3JeK-
TPOAHHAMHUKY, UJHM TEOpHIO JIMOOBCKOro caBHra. B To BpeMs kak
HbIOTOHOBCKAsl TeOPHst TArOTeHUs elle obJsazana HarjasIHBLIMU CBSi-
3AMH C OIBITOM, B QOPMYJUPOBKY MATPUUYHOH MEXaHHKH ONKIT BXO:
JUT JHILb B YTOHYEHHOH M CcyGJUMHPOBaHHOH ¢opMe IpaBul
leiizen6epra. Ksantosas Tteopusi JA3MOGOBCKOrO C/JBHrd, OCHOBHBIE
ugen kKotopofl BwABHHYA DBere, Owu1a paspaborana llBunrepom.
ITO YUMCTO MaTemaTHuyecKasl TEOPUsl, W €JMHCTBEHHBIH BKJAajy 3IKC-
nepuMeHTa B Hee COCTOSJ B JIOKA3aTEJAbCTBE CYLIECTBOBAHHUS Ipef:-
CKa3biBaeMoro eio usmepumoro s¢ddexra. Corsacue ¢ BBYHCAEHUSA-
MH oKasajochk Jayuue 0,001.

[Tpenpiayuipe Tpu mpumepa (UHCJO0 MUX MOXKHO OBLIO OB yBeJH-
UNTh 1OYTH 70 GeCKOHEYHOCTH) IPU3BAHBl OLIH NPOAEMOHCTPHPO-
BaTb 3¢ (EeKTUBHOCTb H TOYHOCTb MaTeMaTHUeCKOH (POPMYJNHPOBKH
3aKOHOB IPHPOAH C MOMOIBIO CHEUHANBHO OTOOPAHHBIX «YHIOGHBIX
B ofpallleHUH» NOHSATHH; BBIACHHJOCh, UTO «3aKOHBLI TPHUPOABI» 006-
JafaloT MouTH (PaHTAaCTHUECKOH TOYHOCTHIO, HO CTPOr0 OrpaHHYeH-
Hofl cthepoit mpuMeHuMoctu. Sl npexsnaraio Ha3BaTh 3aKOHOMeD-
HOCTh, MOJAMEUEHHYI0 HA 3THX NpHMepax, >MNHpHUeCKHM 3aKOHOM
snucTemMoJoruu. Bmecre ¢ npHHIHMIAMY HHBAPUAHTHOCTH QU3HUECKHX
TEOpHH SMIUPUUYECKHI 3AKOH 3TUCTEMOJIOTHH CJYKUT NPOUYHBIM
OCHOBaHHEM 31X Teopui. He Oyab NPHHUMIOB HHBAPHAHTHOCTH,
tbusuueckue TEOPUHU HeJb3s ObLIO Obl MNOAKPENJSTh IKCIEPHUMEHTOM.
He 6yip sMnupuuecKoro 3akoHa SIHCTEMOJIOTHH, HAM HE XBaTHJO
B MYXeCcTBa W yBepEHHOCTH — SMOLMOHAJBHBIX TIPEANOCHIoK, Ge3
KOTOPHIX HeJb3sl OblI0 6bl YCIEIHO HCCAeJ0BATh «3aKOHE IPUPOALD».
Caxc, ¢ KoTOpBIM fi 06Cy:K/[a/Jd 5MUMUPHUECKHH 3aKOH 3IHCTEMOJIO-
I'iH, Ha3BaJ ero AOrMaToM Bephl ()H3HKa-TEOpeTHKA M ObLI, HeCOM-
HegHo, npas. OgHaKo TO, YTO OH Ha3BaJ HAWIKM AOTMATOM BepHI,
HoJKpenasercs NpHMepaMH H3 TNPAKTHKM, KyAa O6ojiee MHOTOYHE-
JIeHHBIMH, YeM TpH NpHMepa, NpHUBeleHHble B HallleM AOKaaze.

EJMHCTBEHHOCTb ®U3UUECKUX TEOPUM [

- Dmmmupuueckas NPHUPOJA CHENAHHBIX BhILE 3aMeyaHHHl Mpem-
craB/sercsd MHe caMooueBHAHOH. OHM SIBHO He DPHHAJJIEXKAT K UHMC-
Jy «Jorudecku HeoGXOAMMbIX», M, uro0bl AOKA3aTh 3TO, BOBCE HE
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HYXKHO YyKa3blBaTh Ha TO, YTO OHH TNPHMEHHMBl JHIIb K OYeHb
HEe3HAaUUTeJNbHOH 4YacTH HalWHX 3HAHHH O HEOAYLIEBJEHHOM MHpe.
Brino 6bl Heseno cuutarth, GyATO CYLLECTBOBAHHME TPOCTHIX C TOUKH
3peHHsl MaTeMaTHKa BbIDAXKEHHH HJs BTOPOH MPOM3BOLHOH OT KO-
OpAHHAT MO BPeMeHH CAMOOUYEBHIHO, B TO BpeMs KaK aHaJOrMYHBIX
BhIpa’KeHHH JJ/1 caMOH KOOPAMHATHI HJIH CKOPOCTH He CYUIeCTBYET.
Tem Gosbliee yauB/eHHe BLI3bIBA€T Ta FOTOBHOCTb, ¢ KOTODOH 4y-
fecHBI nap, cofepXKaluiica B SMMNHPHUECKOM 3aKOHE 3MUCTEMO-
JIOTHH, OBIT BOCIPHHAT KaK HeuTo caMo cobofl pasyMeroieecsi. Cro-
COOHOCTb YeJOBEYeCKOro pasyMa HaHH3BIBATh, OCTABASICh «IPABBIM»
(T. e. He Brajas B nporuBopeune), uenoukd uz 1000 u Gosee apry-
MEHTOB — Jlap, He MeHee YAUBHUTE/NbHBIH.

Kaxablii sMIupHueckuil 3aKoH o0Jaafaer TeM HempUsITHHIM CBOM-
CTBOM, 4TO IIpeJe/bl ero NPHMEHHMOCTH HeH3BeCTHB.. Mul yxe yGe-
JAHJIUCH B TOM, YTO 3aKOHOMEPHOCTH B SBJIEHHSIX OKPYXKaIOLero Hac
MHUpa JOonyckaT QOpMYJHPOBKY € MHOMOIIBIO MaTeMaTHYECKHX I10-
HATHH, 06JaflalollyI0 CBepXbecTecTBeHHOH ToUHOCThIO. C Apyro# cro-
POHBI, B OKPYsKalollleM HAac MHPe HMEIOTCH M TaKue SIBJeHHs, pac-
CMaTpHBag KOTopble, Mbl He YBePEHBl, YTO MEXAY HHMH CyIIeCTBYIOT
Kakne-au60 TOUHBlE 3aKOHOMepHOCTH. Taxue siBJeHUS Mbl Ha3blBaeM
Hava/bHBIMH yCI0BUAMHU. Bonpoc, KOTOpHIil BO3HHKAaeT B 3TOH CBfA3H,
COCTOHT B CJeAyIOUleM: He COJbIOTCA JH pa3jJHuHble 3aKOHOMEpHO-
CTH, T.€. pa3NuuHble 3aKOHBI MPHPOJB], KOTOpble OYAYyT OTKPHITHI,
B €IMHOE HEMPOTHBOPEUUBOE LlesI0e WJY, N0 KpaliHel Mepe, He 0OHa-
py:KaT JH OHM AaCHMIITOTHUECKYH TEHAEHIHI0O K TAKOMY CJAHSHHUIO?
B npoTuBHOM c/yuae MBI Bcerja MOrJu Obl YKasaTb 3aKOHBI NPUPO-
abl, He WMeolne Mexay coboit Huuero obuiero. Mmerno Ttak, no
KpaiiHell Mepe, 0GCTOUT Heslo ¢ 3aKOHaMH HAacJeJCTBEHHOCTH U 3a-
KoHaMH Gu3ukd, MoxkeT CayuuThesi Aaxe TaK, 4TO CJAELCTBUsS H3
HEKOTOPLIX 3aKOHOB TNPUPOAB OYyAyT HPOTHBOPEUHTH APYT APYTY,
HO MBI He 3aXOTHM OTKAa3aThCsl HH OT OJHOTO K3 3aKOHOB, MOCKOJABKY
KaXk/ibli u3 HHX B cBoeli obuactu nocratouno ybGeaurenen. O6Hapy-
KHUB TPOTHBODEUHE MeXIY OTIAENbHBIMH 3aKOHAMH IIDHPOABI, Mbl
MOXKeM MOKOPHTbCA TAKOH CHTYAallMH H NOTEePATb HHTEpec K paspe-
IIeHHI0O KOHGMJAHKTA MeXAYy pPasJduHBIMH TeopusiMH. Mpl MoxkeM
pa3ouyapoBaThes B IIOHCKAX «a0COMIOTHON MCTHHBI®, T. €. HEeNPOTHBO-
peuHBOH KapTHHB, oOpasyioiielicd Npd CAUSHHM B €AHHOE lleJoe
MaleHbKHX KapTHHOK, OTPaXKalolMX pas3JiHuHble acleKThl MPHPOMBL.

O6e anprepHaTUBB HOJIE3HO NPOHJJIIOCTPUPOBATH Ha MpHMepe.
B coBpeMeHHOH (H3MKe CYUeCTBYIOT JBe TeOpuH, obJajaloliue
OrPOMHOH MOILIBIO U NPeACTaBJs0IHe 60/MbIIOR HHTEpeC: KBAHTOBAs
TEOPHS U TeOpUs OTHOCHTENbHOCTH. CBOMMH KODHSIMH Ha3BaHHBIE
TEOPHH YXONAT BO B3aMMHO HCKJOUAIOUIHe Tpynnel ssjenuii, Teo-
PHs OTHOCHTEJNBHOCTH NMPUMEHHMa K MaKpOCKONHYECKHM TesaM, Ha-
npuMep K 3Be3faM. [lepBHUHBIM B TeOPUH OTHOCHUTETLHOCTH CHYH-
TaeTcs fIBJIEHHE COBMAJI€HHS, T. €. B KOHEUHOM CUETE€ CTOJIKHOBEHHS



13, Henocruscuman 3hpexTusnocTe maTemaTuxku 8 ecrecrsednsix Haykax 195

yacrull. CTaJKUBaACh, YaCTHIIbI ONpeJeasiiOT WJH, 10 KpaliHell Mepe,
JIOMXKHE Oblix Obl onpeleadaTs (ecid Obl OHH ObIH GECKOHEUHO Ma-
JILIMH) TOYKy B IIPOCTpPaHCTBe-BpeMeHd. KBaHTOBasi Teopusi CBOMMH
KOPHAMH YXOZHT B MHD MHKDOCKONHYECKHUX fIBJEHHH, H C ee TOUKH
3peHus sIBJeHHe COBNAAEHHA MJH CTOJKHOBEHHS, Jame ecau OHO
IPOHCXOMUT MeXKJAy 4YacTHIaMmu, He 0o6/JalalolEMH NPOCTPAHCTBEH-
HOH MpPOTSAKEHHOCTBIO, HeMb3sl CUATATH NEPBHYHLIM M YETKO JIOKaJH-
30BaHHBIM B mpocTpaHcTBe-BpeMeBu. O6e TeOpUH—KBAHTOBAS TEOPHSA
H TEOPHS OTHOCHTEJBHOCTH — ONEPHUPYIOT pasjiMuHBIMH MaTeMaTHue-
CKHMH NOHSITHSIMH: MepBas — MOHATHEM UeThIpeXMepHOT0 pUMaHOBa
MPOCTpaHCTBa, BTOpas — MNOHATHEM OeCKOHeUHOMEPHOIO rHiabbepTo-
Ba npoctpaHcTBa. o cux nop Bce NONBITKH OOBEAMHUTEL 06e TEOPHH
OKaHYHBAJHCH HeyAadYel, T. €. He yJaBaJoCh HAHTH MAaTeMaTHUECKYIO
(hOpPMYJIHPOBKY TEOPHH, N0 OTHOLIEHHIO K KOTOPOH KBAHTOBAasi TeO-
pUs U TeopHsl OTHOCHTEJIbHOCTH HrpaJjy Obl posb npubauxenui. Bee
(OU3UKH CYMTAIOT, UTO O00beJHHEHHE 00eHX TeOPUH MPUHUHIIHAJILHO
BO3MOXHO M HaM yHacrcs B KOHLle KOHLIOB AOCTHYb ero. OpHako
Heslb3sl HCKJIOMATh W JAPYTYI0 BO3MOXKHOCTb — UTO HaM He yxacTcf
IIOCTPOUTH TEOPHIO, 00BEAHHSIOUIYI0 KBAHTOBYIO MEXAHUKY M TEOPHIO
oTHOCUTeJbHOCTH. [lpuBefeHHBIH NpuMep TOKa3bIBaeT, UYTO HH OJNHY
U3 Ha3BaHHBIX BO3MOXKHOCTeH — o6belHHeHHe IBYX TEODHH H KOH-
GhanKT Mexay HHMH — HeJib3s1 oTOpachiBaTbh 3apaHee.

YrobH MOJNYYHTb XOTA OBl HaMeK, KaKyl ke H3 JABYX aJbTepHa-
THB HaM -CJie[lyeT, B KOHIe KOHIIOB, OKHAaTh, IPHTBOPHMCS UYTOUKY
60Jlee HeBeXKECTBEHHBIMH, YeM MbI fIBJseMCSl B JEHCTBUTEJLHOCTH,
H omycruMmcs Ha Gosee HHM3KHiT ypoBeHb 3HamHsA. Ecam, ocrasasich
Ha 3TOM ypOBHe 3HaHHs, Mbl GyleM B COCTOSHHH OOHApDYKHTb BO3-
MOKHOCTb CJIHSIHHSI HAIIMX TEOPUH, TO MOXKHO C YBeDEHHOCTBIO CKa-
3aTh, UTO M Ha HCTHHHOM YDOBHe HAIIHX 3HAHHUH TaKoe CJIHUSIHHE TaK-
JKe OKaxeTcss BO3MOKHBIM, C 1pyroil cTOpoHH, OGHApy»KHB KOH-
(daMKT Ha GoJiee HH3KOM YPOBHE 3HAHHMH, Mbl HE CMOXKEM HCKJIOYHThb
BN3MOKHOCTb CYHIECTBOBAHHS HENPUMHPHMO KOH(IHMKTYIOUIMX Teo-
puil M Iocje BO3BDallleHHs Ha HCTHHHBI YPOBEHb HalIMX 3HAHHH.
YpoBenb 3HaHHA H CTeNeHb HAllero HHTENJIeKTyaJbHOIO pPa3BHTHs
H3MEHSIIOTCSt HENPepBIBHO, M MaJjoBepOsiTHO, UYTOOBl CPaBHUTENbHO
cnabast Bapualusl 3TOfi HelpepbulBHOA (YHKUHH H3MEHdAJa HMeo-
LyIOCSl B HallleM pacHopsSKeHHH KapTHHY MHpPA, BHE3alHo npeBpa-
Was ee W3 HECOIVIACOBAHHOM B MOC/EAOBATeNbHYIO!),

1) Dry Mbcab f Hamucad nocjie Gosblikx KodeGanuil. 51 ybexmen, uto B smu-
CTEMOJIOTHUECKHX AUCKYCCHSX TOJE3HO OTKAa3aTbhCs OT MPEACTaB/eHHs 06 HCKJIO-
UHTENBHO BHICOKOM MOJIOKEHHH YPOBHS UeJIOBEYECKOTO HHTE/IEKTa Ha abCOJIOTHOH
wKazne, B pajge ciyuaeB IOJE3HO PacCMaTPHBATh JOCTHXKEHUS, AOCTYNHEE H IPH
YPOBHe pa3BUTHs, CBOMCTBEHHOM OT/HeJbHBIM BHAAM JKUBOTHEIX. Sl MOMHOCTBIO OT-
Haw cebe oTuer B TOM, UTO HJAEH, NpHBeleHHble B TeKCTe [AOK/Mafa, OYepyeHbl
CTHIIKOM 6ersio M He NOABEPrajJHCh JOCTATOUHO KPHTHUECKOMY OOCYXAEHHIO, yTO-
6bi HX MOXHO GBWIO CUHTATH HANACKHBIMH, - ‘
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BhbicKa3aHHOH TOJILKO YTO TOYKE 3pEHHsS MPOTHBOpeuUuT TOT daKT,
YTO HEKOTOpHE TeOPHH, OWHMOGOUHOCTL KOTOPBIX HaM 3aBEICMO H3-
BECTHa, MO3BOJSIOT IMOJY4YaThb YAHBHUTENBHO TOUHBIE DE3yAbTATHL
Ecau 6bl MBI 3HaJW HEMHOTO MeHbIe, TO KDVr siBJeHHUH, 00BsACHde-
MBIX ITHMH <JOXHBIMH® TeOpHSIMH, Kaszajdcs Ob HaMm [JOCTATOUHO
6OJBIIHM JJ151 TOTO, YTOOBI YBEPOBATh B MX «IIpaBHJABHOCTEY, OJIHaKO
3TH TEOPHH MBI CUMTAaeM <«OIIHOOUHBIMH» HMEHHO OTOMY, 4YTO, KakK
nokaaoiBaer 0osiee TLlAaTeNbHLIH aHa/IH3, OHH NMPOTHBOpeuaT OoJee
UIMPOKOH KapTHHe, H, €CJU TaKHX Teopuil 0OHapyKeHO AOCTATOYHO
MHOTO, OHHM HeNpeMeHHO BCTYNAWT B KOHQJIARKT APYr C APYTOM.
He uckiouena u Apyrasi BO3MOMKHOCTb: TEOPHH, KOTOPbIG MBI, ONH-
pasich Ha JOCTaTOYHO OOMbIIOe, O HalleMy MHEHHIO, YMcJ0 TOLTBep-
MKIaoluX GakToB, CYATAEM BEPHBIMH», Ha CaMOM JeJe ABJAIOTCSH
«OIHGOYHBIMI» NOTOMY, UTO MPOTHBOpPeuaT Gojiee WHPOKOH, BIOJHE
JONYCTHMOM, HO NOKa ellle He OTKPBITON teopuu. Ecau 0wl neno o6-
CTOSUI0O MMEHHO TaK, MBI JOJKHBl OblIM OBl OXHAATH KOHGJIHKTA
MeXKAY HAUIMMH TEOPHSMH, KOTJA YHCJIO HX MPEBBICHT OMNpeJeNeH-
HBIl ypOBEeHb H OHH OYAYT OXBATBIBATb JOCTATOYHO LIMPOKHE KpPYyr
ABJeHuil. B oT/HuMe OT yxXKe YIOMHHAaBlIerocs aorsmara Bepol ¢u-
3HKA-TEOPETHKAa 3Ty MBICJb CJAeA0BaJ0 Obl HA3BATh «KOLIMapOM»
TeopeTHKa.

PaccMOTpuM HECKONBKO IIPUMEPOB <«OIIHOOUHBIXY TeOpHH, Aalo-
LIIUX, BONPEKH CBOEH OIIMOOYHOCTH, YAHUBHTENbLHO TOYHOE ONHCAHHE
pasauunblx rpynn sasjeHuil. Ecian He 6BITE Yepecuyp NPUIHDPUUBBIM,
TO HEKOTOpPble NMOAPOGHOCTH, OTHOCAIIMECH K ITHM NPUMepaM, MOXK-
HO ONYyCTHTb. ¥CleX IepBBIX OCHOBOHOJaramoiiux uaeil Bopa B Teo-
pHM CTpOeHHUsi atoMa GBI BeCbMa OrpaHUYEHHBIM, KaK, BIPQUEM, Y
yemex snuiukaos Ilrosemess. Temepp Mbl HaxoauMmcs B 60Jiee BBI-
TOJHOM TIOJIOKEHHH H MOXKeM TOYHO YKa3aTb BCe SIBJEHHS, KOTO-
pble JOMYCKalOT ONHCAHHE B pPaMKax 3TUX INPHMUTHBHBIX TeOpHH.
Mpl He MOXKeM yTBEpXKAaThb HHUero moAoOHOTO O TaK HasbiBaeMOH
TE€OPHH CBOOGOJHBIX 3JIEKTPOHOB, KOTOpasl IaeT YAMBUTEIBHO TOUHYIO
KapTHHY CBOHCTB GOJBHIMHCTBA, €CJIH He BCeX, MeTajJoB, MOJYIpPO-
BOJHHKOB H H30JATOPOB. B uacTHOCTH, Teopusa cBOGOJHBIX 3JeKTPO-
HOB 00bscHsieT TOT (GaKT (KOTODBUI TakK M He YAaJoch oGbACHUTH
Ha OCHOBE «HACTOSIIEH TEOpHU»), UT0 YAeJbHOEe CONPOTHBJIEHHe H30-
asatopos Moxker B 10%® mpeBOcXOIHTH yAeNbHOE COTMPOTHBJIEHHe Me-
TalsnoB. Dojee TOro, He CyIHECTBYeT 3KCNepMMeHTaJbHBIX NaHHBIX,
KoTOpble Obl yOeIdTeJbHO I[I0KA3aJH, YTO CONPOTHUBJEHHEe KOHEYHO
pu YCIOBHAX, KOTJA, COIVIACHO TeOPUH CBOOOMHBIX 3JEKTPOHOB, OHO
JONKHO Obijio OBl 00pamarecsl B 6eCKOHEYHOCTh. TeM He MeHee MBI
yOexeHBl, UTO 3Ta TeOpHs MpeAcTaBafder coboft Jaulb rpyboe npu-
6.rvxKeHye M IpU ONHCAHUH SBJEHHH, MPOUCXOASALINX B TBePAHIX Te-
Jax, ee NOJXKHa Oblla OBl 3aMeHHTH 00Jiee TOUHAS KapTHHA.

JLOCTHTHYTBle K HacTOsIeMy BpeMeHH YCIeXH MO3BOJSIOT CYH-
TaTh, YTO CHTYaUUs C TeopHel CBOOOAHEIX 3JIEKTPOHOB HECKOJBKO
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TPEBOXKHA, HO OTHIOAb He CBHUAETENbCTBYET O KaKKX-TO Helpeo 0JIH-
MbIX IPOTHBOpe4YHAX. Teopus cBOOOAHLIX 3JeMEHTOB 3acTaBJjser Hac
COMHEBAThCA B JIPYTOM: HACKOJBKO Mbl MOXEM JOBEpPATb YHCJEH-
HOMY COBTaJEHHI0 MEXKIY TeOopHeH H 3KCIIepHUMEHTOM KaK ToKa3sa-
TeJII0 NPaBUAbHOCTH TeOpHH. K Takoro poia COMHEHHSM MBI IpH-
BBIKJIH.

lCopasno Gosblie TpyIHOCTEH M COMHEHHH BO3HHKJIO Obl, €c/u
Obl B OJMH NpPEKpacHBI JeHb HaM YAaJoch [OCTPOHTh TEOPHIO CO-
3HaHUSA MJIH pa3paboTaTb TEOPETHUECKYI0 OHOJOrHIO, CTOMb Ke He-
NPOTHBOPEUHBYIO H yOEIUTEJNbHYIO, KaK M CYUIeCTBYIOUINe HBIHE Teo-
pUH HeoaylleBJeHHOro Mupa. Eciu roBopuTb 0 GHOJOIHH, TO 3aKOHBI
HacleACTBeHHOCTH MeHIeass W mocaelywolllee pPa3BUTHE TeHETHKH
BIIOJIHE MOXKHO CUMTaTh 3auaTKaMu Tako#l Teopuud. Bosee toro, He
HCKJIOYEeHO, 4TO KOMY-HHOYAb yRactcs o6HADYKUTH HeKHH abCTpakT-
HBIH apryMeHT, CBHAETEJNbCTBYIOIUUN 0 KoA(QJINKTe MeXIy TaKoH
TeOpHeHd U OOLIENpUHATHIME OCHOBaMu (hH3HKH, ApPryMeHT 3TOT MO-
KeT ObITb CTOJIb a6CTPAKTHBIM, YTO YIOMAHYTHIA KOH(JIHKT Heslb3s
6yLerT pa3pelINTh B MOJb3y OJHOH M3 TeopHi ¢ NMOMOILIbIC 3KCHEepH-
MeHTa. Takasa CHTyalusi CHJIBHO MOIIAaTHYJa Obl HAHly Bepy B Cylle-
CTBYIOLIHe TEOpHH ¥ B peabHOCTb CO314BaeMblX HaM{ NOHATHI.
Mpul ucnbitand 6bl 4yBCTBO TMyBOKOro pa3odapoBaHHs B IMOUCKAX
TOTO, UTO 51 Ha3BaJ «abcomoTHoH ucTuHOM». IpudnHa, mo KOTOpOH
H0A06HYI0 CHTyallHl0 HeJb3d CuuTaTh 3apaHee HCK/IIOYeHHOH, co-
CTOMT B TOM, YTO HaM B NpHHIHUIE HEHU3BECTHO, TOYEMY HaIlH TEOPHH
«paboralors Tak xopowo. Mx TouHOoCcTh MOXKeT ellle He CBHIETENb-
CTBOBATh 00 HX MPABU/IBHOCTH W HEMPOTHBOPEYHBOCTH. ABTOp HaH-
goro jpoknaaja y6GexaeH, YTO HeyTo nogoOHOe BO3HUKAET IIPH MOMBIT-
Ke CpPaBHUTb COBpeMeHHble 3aKOHBl HACJEJCTBEHHOCTH C (Qu3aHue-
CKHUMH 3aKOHaMH. .

g xortesm 6bl 3aKOHUHTHL OoJiee pagocTHOl HoToi. Martemaruue-
CKHH $I3BIK YAMBHTEJIbHO XOPOLIO mpucrnocofaen Aag (GopMy;IHPOBKH
(dhU3UUeCKHX 3aKOHOB. JTO UyJAecHbIA Aap, KOTOPHIH Mbl He NOHHMaeM
U KOTOpOro He sacayxubaeM. Ham ocraercs aump 6sarofaputb 3a
Hero Cynb0y W HaleATbCA, YTO H B CBOHUX OYILyLIHX-HCCJIeJ0BAHUAX
MBI CMOXKEM TIO-TIpPelKHeMy MOJAb30BaThest M. Mpl gyMaeM, uto che-
pa ero NPpHMeHHMOCTH (XOpOILO 3TO WJIM MJI0X0) GyAeT HenpephiBHO
BO3pacTaTh, NIPUHOCA HAM He TOJBKO PajfoCTb, HO H HOBLIE I'OJIOBO-
JIOMHBle TPOOJIeMbI.

S xoren Obl mobaaroaaputrb IloasiHu, KOTOPHIA AABHO yiKe OKa-
3piBaet riyGoKoe BAHSHHE Ha MOIO TOUKY 3PEHHS B CBA3it ¢ mpolbie-
MaMH 3IHCTEMOJIOTHH, H Daprmana sa Apy’KecKylo KPHTHKY, CHO-
co6CTBOBABILYIO JOCTHXEHHIO ACHOCTH. Y1 OueHb MpH3HATeleH TaKxe
IlaMoHH, TpOCMOTpEBIIEMY PYKONHCh XAHHOIO JOKJAala M obpaTH-
BlIEMY Moe BHMManHe Ha ¢Tathu Ilupca, )
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SHPUKO O®EPMU 1)

Oupuxko Depmu poauaca 29 cenrsbps 1901 r. 8 Puue, ymep
29 Hos6pa 1954 r. B Uukaro. On Obl1 0gHAM M3 BeMHyalwax (U3H-
KOB Halllero BpEMeHH. v

Poputesn Pepmu OblIM  OPOCTHIE JIOJU: OTEIl — CAYKALIHET
HranbaHcKoi 2Kene3HOJOPOXKHON KOMIIAHMH, MaTbh— YUHTEJLHHIA
B WKoJge. M3 Tpex Ierell B ceMbe DHPHUKO OBbLA CAMBIM MJIATIIHM.
Bparea Hxyauo u DHpHKO (¢ pasHullel B BOapacre JHIlp OIUH
roa) ouenb J06uau Apyr Apyra. OHH paHO NPOSIBHAH HHTEpPEC K TeX-
HHKe. Bpoxnennoe ymenue dHpuko Pepmu 006X0AUTbCS NOLPYYHbBI-
MU MaTepHasamMH OOHapyXWJOCh elle B paHHeM BO3pacTe: CpelH
npouyero 6parbsd MOCTPOUIH 3JIEKTPOMOTOPYHK, KOTOPbIfi HdefcTBH-
rTeapHO paborasn. Buesannas cmeprts JlKyauo, mnociefoBaBuiasi,
Korja emy Oblio Bcero Jumb 14 ser, npepBata ux ApyxO6y. Ocra-
BUIKCh OAHH, DHPUKO YIIyOu/cs B KHUIHM W 3aHSJCA H3yueHHEeM Ma-
TeMaTHKU H GU3UKU. DTOT MHTEPEC YCHJHJCS MOCJe ero 3HaKOMCTBA
¢ Ilepcuko, KoTophit B TO BpeMsi OblLa ellle HauHHAIOLHM MaTeMa-
THKOM.

3aKOHYMB BhHICIIYIO WKOJAY, PepMU MONyUHs acIUpaHTCKYIO CTH-
nenauio B HopmaabHoit mkodse roposa Ilusa. Ilocae uerbipex Jer
3aHATUH B 5TOM IOYTEHHOM yueOHOM 3aBeleHHU OH SBHO NPEB3OlIe
CBOHX YuuTeJell, # ero JOKTOpCKas IHCCepTallus, 3allilleHHas B
Bo3pacte 20 Jer, nmoTpsicia yUeHYI0 ayJUTOPHIO: HHUKTO M3 IPUCYT-
CTBOBABIIUX [IOYTH HHUero B HeH He MOHAJA. D1oT ypok Pepmu 3a-
NOMHMJI Ha BCIO JKH3Hb: HHKOI'Za B JaJibHeMllleM OH He [epeOleHH-
BaJ BO3MOXKHOCTeH TeX, KTO ero cayllas, # ero JoKJaiasl Bceria
Oblyid cOCTaBJeHBl TakK, 4yToObl 10 KpafHelt Mepe HeboJpllas rpymnna
Hau6oJiee PasBUTLIX JIOReH MoIva CJAe[HTb 3a XOAOM MBICAH [JO-
KJaj4yHKa.

TTocae yue6rl B [ertunrene u JlefigeHe u yrenus Jexuuil B Pume
u Qnopenunu moaonoft Pepmu no ueunuatuse Kop6uno 6bl1 mpu-
raawed B Pum 3aBegoBaTh kKadeApoll TeopeTHueckod (H3HKH.
B 1o Bpemsa emy Onuio 25 sner. K ®epMu BcKope NpHCOSIHHUIHCE
rakke no uuuuuatuBe Kopb6uno Paserrn m Amanbiu, a HeMHOTrO
nosaHee — Cerpe u Maitopana. Huine Bce st corpyannkn Pepwmy,

1) Ony6auxosaHo B xuure; «Yearbook of the American Philosophical Sucie-
ty», 1955, p. 435, ’
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Kpome HeoObluallHO TaJIAHTJMBOrO, HO paHo mnorubilero npu He-
CKOJIbKO TaHHCTBEHHBIX 00cTOsiTesbcTBAX Maiflopanbl, — 13BeCTHBIE
¢busuxu. Bce unens rpynnbl npu3HaBaJH HEOCHOPHMOE NEPBEHCTBO
®epMH, MOMYYHBINET0 3a HENOLPELIHOCTb CBOMX CYKJIEHHH NpPO3BH-
ile «nand», H Ha IPOTAXKEHNH BCeH ero »KHU3HH NOANEeDPXKUBAJHK C HUM
APYXKECKHe OTHOIIEHH.

- B 1929 r. ®epmu xKeHHJICH HA CTYAEHTKe yHuBepcurera Jlaype
Kanou. Ona muoro noMorasna emy B paboter-o#H BMecTe Hamucasy
yueOHHK (DU3HKH, a BCKOpEe IIOCJe ero CMepTH OHa Bbllyctuaa Ouo-
rpaduo Pepmu. D10 yBAeKaTeslbHAsH KHUra 0 BEJUKOM ueJOBeKe,
KakuM OH IIpejcTaeT B Iv1asax mawobsllell 4 NpelAHHOR YKEHHI.

B 1938 r. ®epmu noayuun Hobesnesckylo npemuio 3a paborol
MO NOIVIOIIEHHI0 HeATpPOHOB. MTanus B T0 BpeMsi yKe Haxoiuaach
MOJ CUJALHBIM BJIMSIHUEM CBOErO CEeBEepHOro cocefd, M KH3Hb B Hel
I'PO3HJA CTaTh HEBBIHOCHMOM, B ocobeHHOCTH Aast Jlaypsl DepmH,
o HauuoHadsHocTH eBpefiku. [losromy mocme woGesdesckux TOp-
xkKecrB ceMbsi @epmu pemtuna He Bo3Bpallatbes B Mranuio, a smu-
rpapoBars B AMepury. PepMu HOJYUHJ NpHrialieHde u3 Kouaywm-
6ufickoro yHupepcutera W B 1939 r. crasn uieHoM ero ¢hH3HYECKOro
¢axyabTera.

He npotno u HeckoJbKHX MecsaleB, Kak @epmu nauasa cobuparh
BOKpYr cebs rpynny CcOTPYAHHKOB BMECTO T€X, KOO OH OCTaBHJI
B Pume. HanGosee npenanubiMyU ueHaMy €r0 IPYNNs craan Aunep-
con, Mapmaann, Beitnp u Hunn. Cravana pabora Pepmu Obiia He-
HOCPEACTBEHHBIM IIPOAOJIKeHHeM ero ofilell TPOrpaMMEl HCC/Ie0BA-
HHUSl CBOMCTB HeUTpOHOB, HauaToi ellle 8 Pume. Oanako mocae Toro,
KaK CTaJ0 M3BeCTHO O JeJeHUHM ypaHa, BHUMaHHe TPYIIH IepPeKJIo-
YWJI0Ch Ha 3T0 fABJeHHe, HekoToprle H3 OCHOBHBIX, HaubOJee BaXK-
HBIX SKCHEpUMeHTOB Obliu mpoBedeHbl B KoayMOHICKOM yHuBEpCH-
Tere coBMécTHO co Cumsapiom ellle g0 TOro, xak B 1942 r. Bca
rpynna npucoefuiunach K gaboparopuu Komnrona B Hukaro. Lleab
paboTtel Oblla YHCTO TEXHHUYECKOH: YCTaHOBJieHHe CAMONIOAAEPIKH-
Balolleficss UenHOi peaklMu ¥ NPOH3BOJACTBO HOBOI'O 3IJIEMEHTA —
TJIYTOHHUSI.

Ecnn 8 Konym6GulickoM yHUBEpCHTeTe Ha npoBefeHue pabor ot-
NycKajich ROBOJbHO He3HAUWTEJbHBIE CYMMB], TO B Hukaro merad-
Jayprayeckas aaboparopua cybeuanposanach sBecbMa wienpo. Camo-
MOANepIKHUBAIOLLAsICsl UelNHasi peakKuusa Obl1a oCylllecTBJeHa MeHee
yeM uepes3 roj nocjie nepeesga depmu B Uukaro u cnycra 24 yaca
nocje Toro, Kak OblI0 TOJY4YeHO [JOCTATOYHOE KOJMYECTBO YypaHa.
@epmu H ero «06aHga» CBOHMH DYyKaMH YKIaabiBaju rpaduUTOBbE
6pyckun. OH Bcerza mnpelnoYyuTald BCe [JeaTh CaM, BMECTO TOTO
yTo6H AaBaTh yKasaHusl, UTO W Kak clelyeT nenaTb ApyruM. B pe-
syaprate nepsotl peaktop Pepmu Obld mocrpoeH GbicTpee, ueM BCe
nocJeayiowne peakropsl. [locde TOro Kax BO3MOXKHOCTb LEMHOH pe-
akupy Obiyla JoKasaHa, peakTophl CTajau uHTepecoBaTh Pepmu Jullb
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B 0ojlee Y3KOM IJIaHE — KaK CPEINCTBO HCCAEIOBAHHSA H KaK HCTOU-
HUK HefiTpoHOB. OH ¢ pajOCTbIO UPENOCTABHA HPYTHM pellleHHe
TeXHUYeCKHX H aAMHHHCTPATHBHBIX Npo6JeM, CBA3AHHBIX CO CTPOH-
TeJIbCTBOM KPYIHBIX PEaKTOPOB, OJHAKO OCTAJCA HAJEKHEIM H aB-
TOPHTETHBIM KOHCYJbTAHTOM HJsi BceX, KTO TNpPHHHMAaJ yvyacTHe B
pelleHHy HHKEHEPHBIX TmpobsieM peaKTOPOCTPOeHUS, H Bcerma OBLT
rOTOB INPHHTH Ha IOMOLIb CJOBOM M JeJoM, ABTOp 3THX CTPOK
BCIIOMHRAET, 4TO, KOTJa, HaupuMep, norpeGoBajoch CPOUHO BHISIC-
HHTb BeJHYWHY PaJHOaKTHBHOCTH, HHAYUHPOBAHHOH MeIJICHHBIMH
HeliTpoHaMu B Kucaopojae, PepMu mpoussen HeoOXOAUMBlE H3Mepe-
HUA B TeUEHHWe OJHOTO JHS.

K pyxosoauteno npoekta Komurony depmu OTHOCHICA ¢ BOC-
XHIeHHEeM M HcKpeHHel a10608b10. [To cosery u npuriaawenuio Kowm-
NTOHa OH Hayasa paboraTh B UMKarckKoM yHHBepCHTeTe n OCTalcd
B Uukaro nocsae toro, xak MepBOHAYAJbHO CO3JaHHBIH «¥paHOBHIH
MpOeKT» B KOHIe BOHHBl Obl1 pacnyileH. Bmecre ¢ HHM ocTanach
fosplnas yacTh KoJJieKtiBa, cobpanuoro uM B KosymOGuiickom yHH-
Bepcurere. MuTepecst PepMu u ero 6auKalIInX COTPYIHUKOB BCKO-
pe NpuBJeKaa (PH3MKa BHICOKMX HEpPTuid, ¥ 10 camoil cmepry Pepmu
ocTaBaJcs OIHUM M3 BeAVIIHX aBTOPUTETOB B 3Toil 061actd. CMepTh
€r0 OCTaBHJIA YYBCTBO HEBOCIOJHHMOH YTpaThl B CepAlax erc JIpy-
seil u corpyauukoB. CTo/b e HEBOCHOJHUMOR 6blia moTeps AJs
¢usnueckoro dakyabrera Yuxkarckoro yHuBepcutera u HMHcrutyra
A0epHbIX HCcJel0BaHHUM,

Hau6osiee nopasutenpHbiMu yepramMmu Pepmu Oblu €ro MpocTo-
Ta U peasus3M, TOTOBHOCTb BOCIPHHHMATL (aKThl H JIOAeH TaKUMH,
Kakue ouu ectb. OH He JIOOHI CIOXKHBIX TEOPHH Y IO BO3MOXKHOCTH
usberan ux. Xora Pepmu Obl1 OZHUM H3 OCHOBOHOJICXKHHMKOB KBaH-
TOBOI 3JEKTPOJHHAMUKHM, OH YIODHO He 3KedajJ MOJb30B2ThCS €e
mertogaMu, Ero cratbs 0 KBaHTOBON TEOPHH H3JyUeHHS, OMyOJaHKO-
Bannasi B xkypHame Rev. Mod. Phys., 4, 131 (1932), — ranuyHbli
obpaseln, MHOTHX ZOKJIag0B U Jekuuii PepMu: HHKTO He MOT Obl Ha-
nucaTh ee, He 3Had BCeX TOHKOCTell TEOPHH, ¥ HHUKTO He MoOr Obl
Jgyulne o6o#iTH 3TH TOHKOCTH. Ho Korpa ®epmu npHIIock 3aHATLCS
npo6ieMof, pellleHne KOTOPOH TpebGOBAaNO SBHOTO HCIOJb30BaHHUA
CTOJIb HEJIOOUMBIX UM MOHSTHII KBAHTOBOH TEOPHHU IIOJISA, OH NMPHHAI
3TOT (PaKT Kak JOJIKHOE, U METOAB KBAHTOBOH TEOPHH NOJSA Jersd
B OCHOBY OIHOIl U3 caMbix OJecTSIUX ero craTeil.

[TpocToTa M peasn3M, KOTOpbie CBOHCTBEHHBI HayYHOH AeATeb-
HoctH DPepMH, NPOABAANACL H B €r0 OTHOMIEHUSX C JIOAbMH. XOTH
OH HMKOF[la He BAABaJcs B TOHKHH aHAIH3 JIKUHBIX KauecTB Jiofed,
OH 3HaJ, uTé MOXKHO OXHJAAaTb OT ApPY3ed H 3HAKOMBIX, B PeaKO
omn6ajcss B CBOMX OleHKax. Ero oTHoLIeHHe K CMEPTH TPYAHO
paCleHHThL HHaue, KaK reponyeckoe. OH TpPe3BO X jaJj ee NPUOIHKe-
HHS K Obl1 cnoco0eH HMIYTHThL Ha TEMY O CMepTH CO CBOHMH OJH-
Kahmumu kosjeramu Beero 3a 10 auedt mo cpoedr Kohunusl. On Obl
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HAaCTOJMLKO CIOKOEH, 4TO KasaJics cBepxuyesnoBekoM. «Hagmeiock, uto
3TO NMPOAJUTCA HeLONTo», — OBlIH ero ciaoBa. Ouu OoNpaBIaJIHCh.

®epmp OblT ApPYroM M HACTaBHHKOM MOYTH BCEX HTAJMbAHCKHX
(U3UKOB M BCeX, KOMy BhIaJo cuactbe pabotath ¢ HUM. Ero orHo-
IIeHHs ¢ COTPYAHMKaMM BCeTAa OBIM NPOCTH, APYXKECTBEHHHBI H He
OoMpauaJuch HUKAKHMH oCT0xKHeHusAMH. «OH Bcerja Obl aBCcOMIOTHO
YeCTeH O MHOH H HHKOr[Aa He OTHOCH/CA KO MHe Hd mpeHeOpexu-
TeIbHO, HH C TNpeyBeluueHHOH JI06e3HOCThIOY, — TAKOB OblL1 OT3HIB
o Pepmu ogHOTO U3 ero HauboJsee OJapPEHHBIX YUEHHKOB. DTa T10YTH
noJiHasi mpejAcKasyeMocTb NoBefdenus Pepmu, ero npocrota u HO-
6poxenaTenbHAas, HEHABA3UNBAS YECTHOCTb CYXKAEHHH U IIOCTYIKOB,
HECOMHEHHO, OBbITH KpaeyrOoJIbHBIMH KaMHAMH, Ha KOTODBIX 3HKAUJ-
cst yemex PepMn B OTHOWIEHHAX ¢ APYTHMH JIOABMH H OeCcClOpHO
OTBOAMMOE eMy MepBeHCTBO,.

Uma DepMn yalie Bcero yNOMUHAIOT B CBSI3H €O CTATHUCTHKOMH
@epmu, Moreaslo aroma Tomaca — Pepwmu, ero Teopueil f-pacmana,
OTKPBITHEM POJH H CBOICTB MeAJEHHBIX HelITPOHOB W OCyllecTBJe-
HueM TepBOH ffepHON lenHoh peakuud. Kak Hepenko cayuaercs,
nepBoe HanboJiee H3BeCTHOE K3 JSTHX HAOCTHMKEeHHH — CTATHCTHKA
PepMu — He [ 2eT MOJHOTO MPeNCTaBJAEHUA O ero reduu. OH Hanmucan
psald crarel, elie Gojsee GOraThix HOBBIMH HAESIMH, PSS CTaTel, 1O-
TpeOoBaBIIMX OT aBTOpa elle OoJbllell TPOHHULATENBHOCTH. SIpKUM
NPUMEPOM TOMY MOTJIa Obl CJOYKHUTHL €r0 pelKo ynoMuHaeMasi pabo-
Ta IO KBAHTOBOH 3jdekTpofwHamuke, C Apyroii CTOPOHHI, TeopHs
B-pacnaja pmaer Ham mnpaBUJbHOE I[peacrasjende o Depmu-yue-
HOM. B oCHOBY ee MoOJIOKeHBI MOHSITHSI KBAHTOBOI TEOPHM IMOJs, HO
[IPOCTOTA H3JI0XKEHHA AeJaeT ee AOCTYITHOH JaxKe JJIs UHTATeJs, He-
3HAKOMOIrO ¢ TeopusMu moJsi. [1pu ureHuu 3roit pabOTHI, TPOHHKHY-
TOH KaXyllelics HAUBHOCTbIO, HEBOJBHO XOUeTCsl BBICKA3HIBATh KPH-
THUECKHE 3aMeuaHHusi, OOOOLIEHHST W BO3HHKaeT MBICAL 0 GoJee
CTPOTOM H3JI0:KeHHH TeopHH. [0 MHeHUIO aBTOpa 3THX CTPOK, Kaxy-
ulasics HaWBHOCTh XapaKTepHa MJs1 BKycoB ®epMH U He OTpaxKaer
YDOBHSL €ro 3HAHHN Npd HANUCAHWM CTAaTBH O Teopuu B-pacnana.
Euie Torza oH, HecOMHeHHO, Mor Obl I00aBUTH K HeH MHOro ab-
CTPAKTHOTO MaTepHaJsa, Ba’KHOCTb KOTOPOTO zlpvme ¢$u3KKH oOlle-
HuMn OBl OUYeHb BBLICOKO.

Yxe B oTKpHITHH PepMH HCKYCCTBEHHOH pagMOaKTHBHOCTH, BO3-
HHKawlleii npu o6ayueHHH HelTponamy, 3¢(eKTHBHOCTH H OCHOB-
HBIX CBOMCTB Me/JIeHHBIX HeATPOHOB NPOABWIHCL BCe Haubosee 3a-
MeuaTeJbHBIE KayecTBa BEJHUKOTO (PH3HKa-dKCIepHMeHTartopa. ITo
OTKpbITHE SIBUJIOCH NEPBLIM 3HAUUTENLHBIM 3KCKypcoM DepmH B 9Kc-
nepuMeHTadbHy0 U3HKY, H BHIGOp IpejiMeTa H BPEMEHH 3KCKypca
CBUIETEJbCTBYIOT O IJy6OKOH HHTYHLIHH. ¥YCHEUIHOMY W OBICTPOMY
MPOBEIEHHIO 3KCIIePUMEHTOB HeMaJsio CIOCOGCTBOBAAH HeOOBIKHOBEH-
Hoe yMmenne ®PepMu Hcmoab3oBaTh JI060e MOAPYyYHOe 060pyHOBa-
Hue JsabopaTopHH, OTHIOAL He NpeJHA3HAYEHHOH MJIsi NpOBeleHHA
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HoJOOHBIX HCCAEXOBaHHA, W TOT 3HTY3Ha3M, KOTOPHIM OH 3apaxaJ
CBOMX COTPYIHHKOB. 3a cBOM HcciaenoBaHusi ®epmu B 1938 r. Obin
yaocroen Hobenepckoit npemuu. B 1939 r. on 6pi1 #36pan 4leHOM
Amepukanckoro ¢unocodekoro obuiecrea. B anpese 1946 r. on 6bin
Harpax<jeH npemueli Jlpionca storo ofliecTBa 3a yuacTHe B pas-
paboTKe W NpHUMeHeHHH MOHSATHS LENHOH peaKIHH.

Ocywectsnennas ®epmu neppas lenHas peaklus CIAYKHT He-
OCIIOPHMBIM CBHIETEe/ILCTBOM He TOJBKO €ro MyOoKHX MMO3HAHUM
U CUJB ero Hay4YHOrO MpelBHAEHHS, HO ero KaueCcTB KaK PYKOBOIH-
tedsi., UneHaM DYKOBOJAMMOH HM TDYINBI He MPHXOAMJIOCH 3aJaBaTh
CBOEMY pYKOBOAHTENIC Karkux-1u6o BompocoB. Pepmu Bcersa Mno-
ApoOHO pasbACHAN CAeAYIOIRHA 3Tam pelleHus npobJeMbl H, ecC/]H
ObII0 HYXKHO, He K0JeG/sCh, MOBTOPSAA CBOH OOBSICHEHHS.

Bo Bpewmsi cBoe# mocjenHeld, Henaneduumoll Gose3nn Pepmu moa-
HOCTBIO BJIaje/l CBOUMH YMCTBEHHBIMH U (PH3HUECKHMH CHJAAMH H CO-
XpaHuJa UX MOYTH X0 caMoH KOHYMHH.Ero MHCTHTYT M KOJJIErH nore-
PSJIH BEJIUKOro pyKoBoauTeasi. Hayka morepsjia B ero Juie OXHOTO
M3 caMbIX NPOAYKTHBHBIX (PH3HKOB Hallero BeKa, a MHD — IHPOCTOrO
¥ BEJHKOTO ueJoBeKa.
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IDKOH ®OH HEMIMAH?Y)

Mpowabim Jetrom B Damonarone (mposuHuusi AabGepra) co-
crosiicsi  Kanaackuii MaTtemaTHdecKmd  Kourpecc. [Ipodeccop
Hukcmbe 13 IMapuxka npouuran poxaan o6 aare6pax ¢ou Helima-
Ha, aokrop LlacceHxays Haua/J CBOH JeKUMH [0 TEOPHM TPyl
¢ HellMaHOBCKOro onpefeJeHHs HHQOUHHTE3HMAJNbHBIX OIEpPaTOPOB
4 HX KoMMyTaTopoB, HoKTop Takkep u3 IlpuncroHa coobina o HO-
BBIX Pe3yJbTaTax B TEOPHH MIp — ellle OJHOH 00JacTu MaTeMaTHKH,
Kotopyo ¢oH HefiMmaH OT4acTH 3aJ0XKHJA CBOMMH TpyAaMH H CYy-
mecTBedHo oboratus cBouMi uiesimu. ®on Hefiman BHec BaskHBI
BKJlaJ BO Bce o6JjacTd MaTeMaTHKH, 38 MCKJIOUEHHEM TEODHH JHCes
¥ TOIOJIOTHH, U OCTaBHJI 3aMeTHBIIl cjell B TeOopeTHUeCcKol (dusHke
u skoHomuke. Ero paGota Bo Bpems BOHHLI HMeJa ;KU3HEHHO BaXK-
HOe 3HAyeHHe [JIS yclexa HecKOJbKHX IPOEKTOB, a ero BKJAaA
B HAUHOHA/JbHOe OJarocOCTOSIHME M HalHOHAJbHYl0 6e30macHOCThL
C OKOHUYAHHEM BOfiHbHI HE TOJBKO He NPEeKpaTHJCH, HO Jaxe YCH-
aujca. On ymep, Byayuu uneHom KoMHcCHHM 10 aTOMHOH 3HepTHH
CUIA.

Hxon don Hefiman pomuncs 28 nekabps 1903 r. B cembe co-
croaTeabHoro 6Gankupa B DBynanemrte. OGpasoBaHue OH MOJYYHJ
B Bricuiefi JoTepaHcKoll WKoJe B CBOeM pOJAHOM ropoge. B To
BpeMsl 3Ta IIKoJa 6blia, MO-BHAMMOMY, JYYHIUM BBICIIHM yd4eGHBIM
saBelenneM Benrpuu, a Moxer ObITh, H Bcero mupa. Ilo kpaiineii
Mepe [Boe ee TpenojaBaTeseil BeJad, XOTS U B CKPOMHHIX MacliTa-
6ax, CaMOCTOATENbHYIO HCCJIeNOBaTeNbCKylo paboTy, GOJbIIMHCTBO
JKe [pernojaBaresefl 3aHHMaJjuch B OCHOBHOM YTEHHMeM JeKUHH H
BOCITHTaHHEM MOJIOJBIX Jiofell.. PyKOBOACTBO WIKOJBI BCKOpe 3aMe-
THJAO MaTeMaTuueckue rtajaHtel ¢GoH Hefimana, u npenomasarefb
MateMaTukH PaTi, KOTOpOMY aBTOp 3TO#f 3aMETKH TaKiKe MHOTHM
o6si3an, B3aa SIHUM (yMeHbIUHTEILHOE OT SIHOWI) MOJ CBOe KPHLIO,
HayaJ JaBaTh €My YacTHbIe YPOKH H BBeJ €r0 B yHHBepcHTeT. Mex-
1y YHHBEpPCHTETOM M MO KpalHeil Mepe HeKOTOPHIMH BLICIIUMHU yue6-
HBIMH 3aBeJeHHSIMH TOrAa CYLlecTBOBAJM OY€Hb TECHbIe CBA3H, H
¢don Heiiman npuoGpesn H3BeCTHOCTb B NpOIBeTaiolleM Kpyxke Oy-
JaleITCKHX MaTeMaTHKOB ellle 10 OKOHUaHusa Bhblculefl mkoJbl. Jly-

1) OnyGaukoBano B kuure: «Yearbook of the American Philosophical Socie-
ty», 1957, p. 149.
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XOBHOMY OTIly MHOTHX BeHrepCcKHX martemarnkoB Defiepy npuxan-
JexHuT ¢pasa: «Bemuuafimuii fHun Hameft crpaHbl»y, — 3TOT THTYJ
coxpaHHuiacs 3a Hefimanom Ha BCIO KU3Hb.

B mixoJie u cpean KoJder flHuM crapaJcs Jep:KaTbcsl He3aMeTHO.
On mpuHHMaJ ydacrde BO BCeX NPOJIeJKaX CBOero Kjacca, HO €ciH
MOXHO TaK BbIpa3uThbCs, He OT BCEH AYIUH, a JHIIb AJA TOro, 4To0bl
He BbLAEJHATbCA. ¥ Hero ObIIO HECKONBKO OJAK3KHX Ipy3ell, H OH
I0JIb30BAJICA BCeOOIInM yBarkeHHeM. Bce cTyneHTsl pU3HABa i ero
YMCTBEHHBEIE CHOCOOHOCTH M He 0€3 3aBHCTH BOCXHILAJHCh HMH.
uun mwobua GeceroBaTh 0 MaTeMaTHKe JaXKe B TOM IOHOM BO3pacre,
H ero JApy3bsM Mocjae Mporyaok c¢ ¢oH HefimanoMm HepelIko ciayua-
JIoch TO3JHO BO3BPAIAThCA AOMOH.

[Tocsie oxonyaHus Bbicilell WKoAb Hefiman B TeueHHe ABYX Jet
H3ydasa XHMHIO B DepsiHHCKOM YyHHWBepCHTETe, a 3aTeM TaKXKe B Te-
gyeHue ABYX JerT — B Iiopuxe. 3anarus xuMmuelt Oblin cBoeobpa3HOi
CTPaxOBKOH OT IpeBpaTHOCTeH Kapbephl MatemaTuka. Maremartnk
B TO BPEMS MOTr 3aHHMAaThCfl TOJALKO IpENOJaBaHHEM, a Npenojana-
TeJbCKHX MeCT B yHUBepcutere ObljJo oueHb Maso. JKanoBaHbe, 0-
JydyaeMoe TpelogaBaTeseM, He COOTBETCTBOBAJIC cTaHaapram Oora-
Toix poauteseli Hefimana, [lostomy sansaTus xumue 6puin H3Gpanbt
KaK KOMIIPOMHCC MEX/JIY HAaYUHBIMH HaKJOHHOCTAMH FHYHM U Cypo-
BO#l peaJsibHOCTBIO KU3HH, HA KOTOPYIO He 3aKphiBaJH I71a3 He TOJb-
KO ero ceMbfl, HO H OH caM. OIHaKo 60JbIIYI0 4acTb BPEeMEHH CTy-
JIEeHT-XHMHUK TIPOBOAUI B 0O0liecTBe MartemaTHkoB Depauna u Ilio-
puxa, ¥ NPUBA3AHHOCTb IOHOTO CTYAEHTa K NpeaMeTy ero 3aHsTHH
HHUKOTZAa He Oblia ocofeHHO cHJBHOA. OH yCrelmHO 3aKOHUHJ CBOM
3aHATUS XUMHeH, HO B TOM XKe TOAY, B KOTOpOM OH moay4ua B Llo-
puxe CBOH MHIJIOM XHMHKa, OH NOJYYHJ CTEleHb [JOKTOpa QHJIOCO-
¢un no maremMartuxe B Bynaneumrre. OueBnaHO, AuccepTalys Ha 3Ty
CTeneHb U 9K3aMeHbl He NMOTPeOOBAJNH OT HETO CKOJIbKO-HHOYIb 3HA-
YUTEJbHBIX YCHJUH.

[Tocne mosyuenuss creneHd Aokropa ¢uiocodpun ¢on Heliman
MPOJOJIKUJI cBOM 3aHATHA B [erTunrene u I'amOypre u B 1927 1.
cTan npuBaT-goleHToM DepauHcKoro yHuBepcutera. XUMHs HOCTe-
MEeHHO OTOIIa HA 3ajHuil NviaH ¥ Oblja IMOJHOCTbIO OCTaBJeHa, H ero
HHTEPeCchl COCPEIOTOUHJNCH HA MATeMaTHKe M TeopeTHueckoH ¢u-
3uke. MmenHo B ator nepuox ¢oH Hefiman ony6.1KoBaj HeEKOTO-
pbie H3 CBOHX HauboJsee 3HAUUTEJNBHBIX paGoT.

B 1929 r. ¢on Hefiman monyuua npuriaimieHde IpOBECTH OLHH
cemectp B IlpuHcToHe. AMepHKa NOHpaBWJIach €My C HepBOro
B3rJIAa, U OH INOUYYBCTBOBaJ ceb6s1 B 0OllleCTBEHHOH H HayuyHO#H
atMmocepe Ilpuncrona kak peiba B Bofe. Ilpurnamense Ha oauy
ceMecTp BCcKope Obuio pactypeHo: GoH Hefimany npeasoxuau 3a-
HATb Npo(deccopcKyio MOMKHOCTL CHauaJjJa Ha NOJCTaBKH, a B
1931 r.— Ha noanyio crasgky. Hesagosaro o cBoero mnepBoro
Busuta B [IpuHcroH ¢ou Hefiman xenwnca. OH u ero xewa,
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ypoxaeHHas Mapustrra Kesemu, Hamay B [IpuHCTOHE MHOTHX Ipy-
3e#t, Mo60Bb KOTOPHIX HH K MYXKY, HH K KeHe He YMEHbUIHW/IaCh U B

\ nocsenyiomne roabl. Beuepa, kotopble ycrpansana Mapustra, u Be-
cenasi aTMocdepa MX AoMa Bowad B [IpuHcTOHE”B MOrOBOPKY M
GbLTH H300JeHHOH TeMOH PasroBOPOB ellle AOJATO IOcjJe HX OTb-
esaa B 1937 r. ¥ dou Hefimanos 6bu1a ogHa goub Mapuna. Heine
OHa BB 3aMy¥K MU kuset B IlpunctoHe.

B 1933 r., sckope nocsie ocHOBaHHs HMHcTHTyTa BBICIIMX HCcae-
gosaHu#, ¢on HefiMany npeisoXu/iH MeCcTO B MaTeMaTHYECKOM
oTHesNe MHCTUTYTa. B TO BpeMa HHCTHTYT Obil rpaHAMO3HBIM 3KCIe-
pHMeHTOM B 06J1aCTH BBICHIEro o06pasoBaHHA H HCCAEAOBATENLCKOH
pa6orsl B CIIA, BIOXHOBHTeNSIMH H OPTaHH3aTOPAMH KOTOPOTO
BoicTynuan OnekcHep U BebieH ¥ HX ApPy3bs-eHHOMBIIIJEHHHUKH,
B3siBIine Ha ceGs (QMHAHCUpOBaHue Bcero npeanpuarus. Hpuraame-
Hue B uHCTHTYT GoH HefiMana, TpuanaTu/ieTHero MaTeMaTHKA,
BMeCTE C HEKOTOPBIMH CAMBIMH BBIAAIOLIHMECA U 3HAMEHHTHEIMH Ma-
tremaTukamu CILA o3Hauaso He TOJNBKO NpHU3HAHHE €ro TaJaHTa,
HO W CBHJETENbCTBOBAJIO O NOJHOTE €r0 CJMSIHHS C KH3HbIO AMe-
pHKH. Beio ocradbHYIO yacTb cBOell HayuHOH Kapbephbl ¢on Hefiman
npoBes B MHcTHTyTe BRICIIMX uccaefoBaHHi. Eille Ko BOHHB OH
BeTynua Bo Bropofl 6pak ¢ Kmapu dan (¢ KoTopofi NO3HaKOMHJCH
ellle B BeHrpuu M KoTopas nepekuja ero).

HesteapHocts ¢on Hefimana Bo BpeMs BOAHB OBlIa 4pe3BHl-
yajino MHOroo6passoil, OcoBeHHO IIHPOKYIO H3BECTHOCTH NOJYUHJI
B3DLIBHOH MeTOJ HHHLHHDOBaHHSA aToOMHoro Bapbisa. Pox Hehiman
NpUAYMaJa 3TOT METOJ| He3aBUCHMO OT APYIHX, HO, HeCOMHeHHO, B
pe3ysbTaTe NMpeKpacHOro 3HaHUA (PU3HUKH 3apsA0B ¢ HCKDHBJICHHOH
noepxnocthio. PoH Heliman HuKorza He mopbiBasl CBOMX cBsidel
C BOGHHBIMK K ¢ paoTaM¥ 1O MCNOAL30OBAHUIO SACPHON 3Hepruu u
rocJie OKOHYAHUA BOHHBI M.OTAAaBaJj MHOTO BDEMeHH, S3HePIHH H CH.
VKpeIJIeHHI0 BOEHHOH Mollu cBoefl BTopolt poiuubl. Ilocnennue
rOAbl ero KU3HU ObUIM IOJNHOCTBIO NOCBsilleHH pafoTe B NpaBu-
TeJbCTBEHHBIX YUPEXAEHHUSX, M IOCAe HECKONbKHX JIET CAYyKOBI OH
ymep 8 ¢deBpana 1957 r., Oyayun uneHoM KoMHccHH 1O aTOMHOM
sneprun CIIA.

Omnucars ckoJbKo-HHOYAb noapo6HO BKJajg ¢oun Heiimana B nay-
Ky ~— MaTeMaTuky, OH3UKY, S5KOHOMHKY, pelieHHe TeXHHUECKHX
npobieM — menee ueM Ha 10 cTpaHHMIax mpocTo HEBO3MOXKHO. Ero
pabora B of6sacTH MaTeMaTHKH, KOTopasi Bcerga Oblla 0coGeHHO
6/1M3KOft ero cepAHny ¥ B KOTOpOH ero OJecTsiiMi yM HaXOAuJa HaH-
fojiee NOJNHOe BbIpa’keHHe, NPOXOAHJIA TOJ CHJIBHBIM BJHSHHEM
rHJAbL6EepTOBCKON aKCHOMAaTHUYECKOH HIKOJB. DTO BJAHSIHHE MpoOCe-
JKHUBaeTcsl He ToIbKO B paforax ¢oH Hefimana no mMateMaTHYeckoi
JIOTHKE, HO ¥ B ero Nojixofde K APyrHUM mpob.aeMaM, B pelHeHHE KO-
TOPBIX OH TaKXKe BHeC (hyHIaMeHTaJbHBII BKJAaA: TEOPHH T'HJIbOGEp-
TOB2 MPOCTPAHCTBA, TEODHH HEOTPAHHYEHHBIX ONEpPaTOPOB, KBAHTO-
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BOH MexaHuke, Teopud urp. O6beKTbl, H3y4yeHHeM KOTODHIX 3aHH-
MaJjlacb paccMaTpuBaeMas UM TeopHus, ¢on Heiiman ommceiBaj, me-
peuHcisAs Te HX CBOACTBA, KOTOphie 3aTeM HCIIOJNb30BAJIHCh MPH H0-
Ka3aTeJbCTBAX TOTO HJH HHOTO YTBepxkKieHust. Takum o06pasoM,
pe3ysbTaThl TeOpHH OblAH NPHMEHHMBl KO BceM o0beKkTaM, ofjaaas-
MM TEePeYHCAeHHbIMH CBOIICTBAMH, HE3aBHCHMO OT HX MNPHPOJIHL.
[Tomumo yske Has3BaHHBIX obJacreill MareMaTuku (oH Heiiman BHec
pellalollni BKJajJ B TEOPHIO Tpynn W ajrebpy omepatopoB. Bep-
IIHHON ero pa6oTel B 0OJACTH TeOPETHYECKOH (PH3MKH SIBHJACH
KHura «MaremaTuueckHe OCHOBBI KBAHTOBOH MeXaHHKHU», BBIIIE[I-
mas 3ajoaro mnepej BOHHOH, HO JMIIb HeXaBHO [epeBedeHHAas Ha
anrauiickuit s13bk ). Ero wcesegoBanus B 06JacTd 3KOHOMHKHM Ha-
IIJH CBOE OKOHYATE/JbHOE BBIpaX<€HHE B KJacCHYecKoM Tpyae «Teo-
pHAI HTP U 3KOHOMHUYECKOe IOBeJeHHe» ?), HalUCaHHOM COBMECTHO
¢ MoprenumtepHoM, ogHuM H3 Ommkalmux apysefi ¢gon Heiimana
B nocJefHue roxanl. ['aBHBIM uTOTOM €ro paGoOTHl 110 TEOPUU BHI-
YUCJAUTEALHBIX MAIlHH, HECOMHEHHO, CJIeIyerT CYHTarb CO3JqaHue
[IpUHCTOHCKOA BBIYHCJAHTENBHON MAIIMHEL U €€ MHOTOYHCJEHHBIX
«cectep». Qon Hefiman ony6/HuKOBan TakKxke MHOTO cTaTel, [OCBSIS
IIeHHBIX aHaJH3y OCHOBHBLIX MPHHUUMIOB PaBoTHl BBIUHCIUTENbHBIX
MAalllMH, U ero pe3yJbTaTbl MO3BOJAHJHN JOCTHYL BAaXKHBIX YCHEXOB Ha
IyTH K aKCHOMAaTHYeCKOH TeODHH aBTOMAaTOB.

Tonbko BbIAOWMACA yM MOT BHECTH B HAayKy CTOJb 3HAuH-
TeJbHBIA BKJIad, Kakol 6wl chaenaH ¢on Heilimanom. Besynpeunas
Jgoruka Obljia HauboJee XapakTepHOH yepToH ero MblulieHHs, OH
NIPOU3BOJAUJ BredaTJeHHe HjeasbHOH JOTHUeckOH MalUHHEL ¢ THLA-
TENBHO TNOJOrHAHHLIMH IiecTepeHkaMu. «Caymas ¢oun Hefimana,
HauMHaelllb [IOHUMAaTh, Kak J0JKeH paboTaTh YeJOBEUECKHI MO3T»,—
TakoB OBLT BBIBOJ OJHOTO BHeYaTJAHTe]bHOro Kosjerd ¢or Heifi-
mana. Eme Gosee nopasurelbHbM OBIT CBOHCTBEHHBIH eMy OJeck
MBIIJIEHUsA. DTa YepTa OTUYETJIMBO INpOfBHJach, Korja ¢on Heid-
many Oblio eme TOJAbKO 15 Jer. Tperbell oTauuuTenbHONH uepTofl
ero yMa Obljia 3aMeuyaTeJbHasl NaMsTb, 1103BOJIABIIAA €MY NIOMHMO
HayuHOH paloOTHl MMeTh JecATKH yBJedeHHH. OH GBI HCTOPHKOM-
Jo6uTesieM, OCBeIOMJEHHOCTb KOTOPOTO B COOBITHSIX OTPOMHBIX Ile-
pPUOJLOB HMCTOPHH HE yCTynasla OCBeJOMJIEHHOCTH IpodeccHoHalsa,
cBOGOMHO TOBOPHJ Ha MATH f3blKAX M yMeJ YUTAThb MNO-JAThIHH H
no-rpedecku. OH mpouuTas H NOMHMJ COJep:KAaHHe MHOTHX KHHT,
KaK XYJOXECTBEHHLIX, Tak M HaYYHO-TIONMYJSIiPHBIX MO IPYTHM 00-
JacTsiM Hayku. VI3 Bcex TeM, Ha KOTopble aBTOPY 3THX CTPOK JOBOJH-
Jock Korja-nu6o 6ecenosarh ¢ ¢oH HefiMaHoM, JHIIb OTHCATE/NbHbIE

'} Wimeercn nepeson: Hoeaun ¢on Heidimarn, MaremaTHyeckne OCHOBBLI KBaH-
ToBON MexauukH, M., usng-so «Hayka», 1964. — ITpum. nepes.

2) Wmeerca nepesof: Heiman Lo, Mopeenwrepn O., Teopus urp ¥ 9KOHOQ-
Mu4eckoe mosegenue, M., uan-so «Hayka», 1970. — ITpun. peo.
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ecTecTBeHHBle HAyKH He BbI3bBaAuM Yy Hero HHTepeca. DoH
Hefiman Bcerma 6611 roToB MOMOUb JI000MY, KTo ofpamialcsa K HeMy
3a COBeTOM, M HCKpeHHe HHTepecoBaJics Jwb6oi TpyaHoi mnpobJne-
Mo, ®ou Hefiman Hayuus MeHst mMaTeMaTHke 0oJibllle, 4eM KTO-HHU-
6yzab Apyroi. Hro e KacaeTcss CyLUIHOCTH TBOPUECKOTO MbILIJIEHHS
MaTeMaTHKa, To o6 3TOM o y3Han OT Hero 60Jblle, 4eM MOT
. O6bl y3HaTh Ge3 Hero 3a BCIO CBOIO Xu3Hb. «Ecin o ananusumpoBain
npo6iaemMy, Heo6XOIHUMOCTh B ee JaJbHeHlleM PacCMOTPEHMH OTMa-
pajsa. BeceM cTaHOBMJIOCH SICHO, UTO HY2KHO JesaaThy, — 3asfBHJ HEI-
HemwHul npencexaresab Komucenn no aromHo# sHeprun CIHIA.

Iny6okoe uyBCTBO IOMOpa M He3aypsIHHIN Jap paccKasuuka
pPas3JMUYHBIX HCTOPHUH M aHEKAOTOB BLI3BIBAJH CHMOATHIO K ¢on
Heiimany paxe y cayda#iHbIX 3HAaKOMBIX. Ecu HyXHO, OH MOT GBITh
PE3KHM, HO HUMKOTZAa He OblJ HaNblUleHHBIM ¥ uBaHHbIM. Qon Heifi-
MaH ¢ ero GeaynpevyHOH JIOTHKOH NOHHMaJ M corjamascs cO MHO-
ruM M3 TOro, 4to GOJNBUIMHCTBC H3 HAC HE XOTeJO HPHHHMATb U Ja-
JKe TOHHMAaTh, JTO OHIYLIAJ0Ch BO MHOTHX BBICKa3blBaHHAX ¢oH
Heiimana Ha TeMbl mMopand. «CeToBaTh Ha 3TOH3M H BEPOJIOMCTBO
JI0Jlell TaK XKe [JIyNo, KaK CeTOBaTh HA TO, UTO MATHHTHOe NOJe He
MOKET BO3pacTaTh, €CIM POTOP 3IJEKTPUUECKOrO NOJA pPaBeH HyJIo!
TO W JpYyroe — 3aKOHBI NIPUPO/bI». JIMIMIL HayyHasd, HHTEJJIEKTyallb-
Hasl HEUECTHOCTh M MPHUCBOCHHe UYyXKHX HAYUHBIX PE3YJbTAaTOB BBI-
3LIBAJIH €0 THEB W HEroJoBaHUe HE3aBHCHMO OT TOrO, KTO ObiI 1O-
CTpajgaBUINM — OH €aM HJAH KTO-1HGO Jpyroil. y

Korza don HeiiMan moHAM, 4To OH HeM3JeunMO GOJeH, JOFHKa
3acTaBHJ/Ia ero NMPUATH K BBLIBOMLY, YTO OH IlepecTaHeT CyLIeCTBOBATh
H, CJeJ0BaTeNbHO, MBICJAHTh. TaKoe 3aK/aO4eHHE, BECh CMBICJ KOTO-
POrO HEMOCTHKHUM /sl 4YeJOBEUEeCKOTO paccylka, YXKacHYJO ero,
Taxeno OGrL10 BHIETb, KAK YM €ro, 1o Mepe TOTO KaK Hcuesasd
BCe HajeXABl, TepneJ OJHO NopaxKeHHe 3a APyruM B 6opnle ¢ cyab-
60i1, KasaBuielcHd eMy XOTA W Hed30exKHOIl, HO TeM He MeHee CO-
BepPIUEHHO HemnpHeMJIeMOH.

Hokrop ¢on Hefiman 3a cBom HayuHble AOCTIKEHUS GBI yI0-
CTOeH MHOrHX Harpai ¥ orauuuil. OH Obla usbpaH uileHoMm AMepu-
KaHckoro ¢unocopckoro obumecrsa (1938 r.) u unenom Hanuouasns-
Hoit AKazeMHH HayK B HeoObluaiiHO MoJsogoM Bo3zpacre. OH cocTosia
ujeHOM-KoppecnoHaenToM KoposeBckoll ronnauickoil akajaeMmuy,
JlomGapackoro wuHCTHTYTa, Akamemun geu Jlunuu, [lepyanckon
Akanemuy, uieHOM AMepHKaHCKOH aKaJeMHH HCKYCCTB H Hayk,
nojyuns Megann 3a 3ac/yrd, Harpaly 3a BhAaOUIMecs TpakaaH-
cKHe 3acayru u npemuio Pepmu Komumccnu mo aTOMHOH -3Hepruu
CUIA. ®dou Heitman caenana ouenb MHOroe. OH Obul BEJHKHM YMOM,
No-BHAMMOMY, BeJHYAHIIHM YyMOM II€PBO# NMONOBUHBI HAIIETO BeK3.
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BBICTYIIJIEHME B PATYHIE (CTOKTOJIbM. 1963 r.)

[Ipex e Bcero 51 X04y BBIPasUTh 67ar0JapHOCTh OT UMeHH IOK-
topoB Mapuu Tennepr-Mafiep u Hencena, a takxke or ce6qa Jauuno
33 OKa3aHHYIO HaM 4eCTh W BEJHKOJeNHble TOPXKeCTBa, 3a TeIJble
IIPUBETCTBHS, KOTOPLE JOCTaBHJIM BCeM HaM 60JblIyI0 pafocTs. Mul
oueHb NpH3HaTeJbHEl BaM. OnHaKO HOBOE YYBCTBO 6JarofapHOCTH
HHKOTa He JOJIXKHO CTHpaTb CTapoe UYBCTBO, H MOJITOMY sl XOuy
CKa3aTh HECKOJbKO CJIOB O TOM, HaJA YeM MBI pPelKO 3aIyMbIBAeMCS
B MOJIOZOCTH, HO OUYeHDb LIeHHM BIIOCJEACTBHH, KOTAAa HAUHHAEM Pas3-
MBIIJISITE O CBOEM YMCTBEHHOM pa3BHTHH. Sl WMelo B BHAY HalIM
SHAHHS H BCe TO, YeM MBI 0053aHBl CBOHM YUHTEJSIM.

UesnoBeueckoe 3HaHMe CTaJ0 JOCTOAHHEM o0O0lecTBa, a He OT-
JIeJhbHOr0 WHIMBHUAYYMAa, TOTOMY YTO UYesJOBeK paspaborana cre-
nMaJbHble KOJBl, B KOTOPHIX TeM HJHM HHBIM JipeaiMeraM H fefi-
CTBHSIM OTBEYAIOT CIlellHaJbHble 3BYKOBBIe CHTHAJIbL, H PasBuJ B celbe
Cr1ocOGHOCTH HECKOJbKO 3araJOuHbiM 00pa3oM BHIYYHBATh OJMH U3
3THX KOJOB B NepBhHIe 3Ke T'OABI CBOel *KU3HH. TakuM o6pasoMm, Aoau
MOJNYYUIH BO3MOXKHOCTb NepelaBaTb CBOM 3HaHUSI H o6yuaTb Apyr
apyra. MHoroe u3 TOro, 4yTo Mbl 3HaeM, H GoJblIas 4acTb H3BeCT-
HBIX HayYHBIX CBeJleHHIl OBIIM COOOIIEeHBl HaM HMEHHO TaKHM
cnoco6oM. DTOT TMPOUECC C TOJHBIM OCHOBAHHEM MOMKHO HAa3BaTh
ABHOM Mepefauell 3HAHHN OT YUHTEAss K YYeHHKY. MHOroe MOMKHO
CKa3aTb W TFOBOPHJIOCH Ha 3Ty TeMy, HO CEerofHs 1 XO4y CKa3aTb
0 JIpYroM.

91 xouy o6paTuTh BHMMaHHe Ha TO, HACKOJBKO HAIll HHTepec H
OTHOLIEHHE K HaYyKe 3aBUCAT OT HalluX yuHreJeill. Mos coBcTBeH-
Hasl MCTOpHS HAUMHAETCS B OJHOH M3 BBICIUMX IMKoJ Beurpuu, rie
MOH TupenomaBaTej]b MaTeMaTHKH Parun Havan gaBaTh MHe KHHIH
IJisl YTeHHs ¥ NPOOYAHJ BO MHE OILYLIEHHE KPACOTH CBOEro Npes-
mera. $I He MOry Ha3BaTb BcexX, KOMY 51 00s13aH, HO X0uy 0coGo OT-
METHTh TO BIOXHOBeHHe, KoTopoe 51 uepnas y ITosnanu. Cpeau mnpo-
YHX Belllell, KOTOPLIM OH HayuWJ MeHd, ObLIO M yOeKICHHE B TOM,
YTO HayKa HauyHHaeTCd ¢ COBOKYMHOCTH TeX HJH HHBIX fBJEHHH,
MeXIy KOTOPHIMH Ha0JI0JaloTcsl H3BeCcTHas COTJIAaCOBAHHOCTD H
onpe/eseHHble 3aKOHOMEPHOCTH, H UYTO HayKa 3akJwuaercs B
VCBOGHHH 3THX 3aKOHOMepHOCTell M BHIpaGoTKe NOHSITHH, IO3BO-
JISIOLINX €CTeCTBEHHO BhipasuTh uX. OT Hero s yCBOMI H HAEIO
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O TOM, YTO HMEHHO HayYHbI# METOJ, a He CaMM MOHATUS (Hanpu-
Mep, MOHATHE SHEPTHH) cJelyeT MepeHOCHTb Ha JApyrue obJjacre
o6yueHns.

Hamumy yuntensimu ABJAIOTCA He TOJbLKO Te, KTO cTaplle Hac,
Mbl yyuMcs TakXke H y CBOHX CBEPCTHHKOB H Yy GoJiee MOJOIBIX
koajer). JiJsi MeHS TakUM CBEPCTHHKOM, Yy KOTOPOro s HayduJcs
MHOTOMY (B JAeHCTBUTE/JBHOCTH OYeHb MHOTOMY, HO TIJIaBHHIM ofpa-
30M Mmartemartuke) Ovl1 ¢oH HefimaH. B mMosonocty Ha MeHS CHJb-
Hoe Bausnne oxasan Peit Xep6, moit Bocnutatedn. Ha moe oTnoule-
HHMe K HAayKe CHJIbHOe BJIUSIHHE OKAa3aJU ¥ MOH CTYAEHTHl. Barasamn
HEKOTOPBHIX H3 HHX H4 HAYKY OTJIHUAJMHCh OOJBbIHEH 3PeNOCThIO, ueM
Mou coOcTBeHHble. Y He 6yAy HA3BIBATH UMEH, YTOOBI He Hampalld-
BAaThCSl Ha CBOETO poja «miaTy 3a obyueHHe». Bcem uM 4 ray6oko
O/arofapeH Tak e, Kak Mbl IIpU3HATEIbHB BaM 3a BCe, UTO HCIIbI-
TaJl Cerojus.
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MPUBETCTBEHHBIN AIPECY)

CoBopuTh ¢ JM0OALMH, KOTOpEIe MOJOKe TeOs, Bceraa MpHATHO, H
3TO YIOBOJBCTBHE B OTJUYHMe OT APYTHX BHIMAZaeT TeM uatie, 4eM
cTaplle TH CTAaHOBHIIbCA. MHe 0cO6eHHO NPHUATHO TOBOPHUTH C BaMU
ceroaus. Jaa MeHs asro GoJiblias 4eCcTh H BBICOKAS IPHUBHJIETHS.

Mbl kuBem B 6€COKOHHOM MHpe, TJe BCe, UTO HaMm JIOPOro, BH-
CHT Ha TOHKOH u HempouHoil muTd. [IpaBma, B H3BecTHO! Mepe
OCHOBHAfl MPUYHHA HANIHX TPYJHOCTEH 3aK/I0UEHA B HAC CAMHX, HO
3TO OOCTOATENLCTBO He MOMKET CAYMHTb HAM yTelIeHHeM M OTHIOAb
He ofJieruaer pelleHdsi CTOAIIUX Neped HaMu npobieM. Mol He wHe-
NBITHIBAEM HEJOCTaTKa B COBeTaXx H JaxKe MNPHKa3aHHAX OTHOCH-
TeJbHO TOTO, KAaK HaM cJefoBaso 6wl ceGs BecTH, HO Hauld npob-
JieMbl HACTOJbKO TPYAHBI, 4TO YAeJAseMOe UM BHHMaHHe MPHUXO-
[HUTC CUMTATH CKOpee HeJOCTATOUHBIM, HeXKeNH H3JUIIHUM. 51 Ha-
Ielchb, 4TO MO KpaHHed Mepe B TeueHHe CETOJHSILIHEro AHA 3a
MHO# 6sarogaps JNI06e3HOCTH X03s€B 3TOro AoMa OyleT NPH3HAHO
IPABO BBICTYNATb B KauecTBe IOPHCTA H, CJIEA0BATEIbHO, HCHOJIHATD
hyHKuHM ajBokata. §l xoTeJ Obl BOCNOJbL30BAThCH MPeNOCTABUB-
mwelcs BO3MOXKHOCTBIO H, INPHCOENHHHB CBOH TOJOC KO MHOTHM
IpyruM, paccka3aTh BaM O HEKOTOPBIX IPHHIUNAX, KOTOPBIM, MO
MoeMy T1yO0KOMY YGeKIeHMI0, MBI MOXKEM CJIeIOBAaTh.

«byayllee HeollpeneneHHO», — FOBOPHT onTuMucr. Bawm, Beposar-
HO, NPUXOLUJIOCH CJABIIATh 3Ty WYTKYy. OHAa OYeHb cTapa, U BCe XKe
ceroJHsl OHa KaK Heab3s Jyyllle OTBeyaeT HCTHHe. Paspyiuenue,
yrpoxaoliee HaM CeroJHs, OTIHYaeTcsl TAKOH NOJHOTON M BceoGli-
HOCTBIO, KaKylo JO CHX Iop OBIIO TPYAHO JaxKe MpeAcTaBHTb cebe.
BoJsee Toro, yrposa Gosbluefi uacTu MHpa, H3BeCTHas MOLABJSIO-
meMy OOJIBIIHHCTBY YeJIOBEUECTBA, COTBOPEHA PYKaMH UYEJOBEKA H
HaXoJWTcs B €ro BJIACTH.

W Bce e 3aTpyJHHTEIbHOE MOJIOXKEHHE, B KOTOPOM Mbl HaXo-
IuMcsa B HacTrosllee BpeMs, He 6oJiee HOBO, UeM NPUBEAEHHAs MHOI
wyTka. YenoBek Bceraa omacajcst 3a cBoe Gyaylliee H 3a Oyayiuee
MHpa, 3a Oydyllee Bcero, 4to emy Aoporo. Mup IOHCTOPHYECKOTrO
YeJjioBeKa 0Ll OrpaHHMYeH ero ceMbell, 1 OH 3a00THJICA JIKILb O CBOEH
cembe. Ellle HeCKONIbKO BeKOB Ha3al MHpP UeJOBeKa He BBIXOJHJ 32

') Peur mnpousnecena no cayyYal [OOJYYeHHs IIOUETHOH CTeNeHH [HOKTOpa
npasa.
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npelessl ero NJAeMEHH HJIH ero JepeBHH, B 3THX Y3KHX paMKax
6LLIO COCpeAOTOUYEHO BCe caMoe joporoe AJd Hero. Ilostomy Gecno-
KOHCTBO 3a Oyaylllee CBOCH ceMbH MJHU CBOETO IJIEMEHH AJIS HETO HMe-
JIO TAKOe 2Ke XKM3HEHHO BajKHOe 3Ha4YeHHe, KaKoe HMeIOT JI/Is1 Hac od-
ceHusl 3a cyIbObl Bcero Mupa. TexHHuYecKuHl mporpecc M CoBeplileH-
CTBOBAHHE CPENCTB CBA3HM NPHOJM3HAH K HalleMy MOPOTY BeCh
3eMHOM Iap, W Hallle cepAle Kak Obl pacllupuioCch, NpHuAB B celd
Bce 4eJOBEYECTBO, BCe omaceHHs 3a ero Oyaywee, Onumaxo Hamin
TpeBOrH Oblii Gbl OTHIOAL He MeHblile, ecJH Obl MBI 3a6OTHIHCH
TOJBKO O CBOefl ceMbe, 00 OKPYXAaIOWIHUX HAac OMMSKHX JIOAAX H
OmacHOCTh HaBHC/1a OBl TONBKO Hal HHUMH. BIipoueM, mnosiBjaeHue
HOBOTO OpYXKHS BCerja Kasa/Jochb YTpo3ol BceMy KuBoMy. Eure
B 1139 r. JlaTepaHcKuil coBeT 3anpeTus] NPHMEHEHHe HOBOTO OpY-
JKHSl — JIYKa — 10 KpafiHell Mepe IPOTHB XPHCTHAH.

He HOBO ® TO, YTO HaBHCHIAs HaJ HaMH yrpo3a ecTb JAeJ0 PyK
yesoseveckux. C JaBHHX BpeMeH Mepoii ycmexa 4esioBeKa Kak OHO-
JIOTHYECKOTO BHJA CJAYXHWJIO TO OOCTOSTENLCTBO, YTO OIACHOCTD,
yrpoxaBpliasi eMy €O CTOPOHbLI €ro ke 6paTbes, BO MHOrO pas Ipe-
BOCXOJiJIa OMACHOCTh, YIPOXKABIIYIO €MY CO CTOPOHBI JHKHX 3Be-
peit ¥ BpaxkAeOHBIX cHJ NpHpoAsl. Hauim HcTopuueckde KHUIH 1OJ-
HBl paccka3oB o Oopbbe UesOBEKA CO CBOMMH COCE[sIMH, 4 He O ero
G6oppBe ¢ NpUPOAOH HJH 3BepAMH.

Haxonen, s 6010ch, YTO COBpPeMCHHaf CHTyalusd CcX0Xa ¢ TOH,
B KOTOpOH OKa3aJHCh HaIH NPEAKH, H B TOM OTHOIIEHHH, UTO Yrpo-
JKaollde HaM KOHQJUKTBI, NO-BHAHMOMY, BDSJ JH MOXHO paspe-
IWUTb OJHMMHU JHIIb palMOHAJIbHBIMH cpelcTBaMu. Hukakue no-
BOJB!I TPeKOB He yOeJH/JH NepcoB OCTapBaTbcs Ha poJuHe H MHDHO
BO3Je/bIBATL CBOM MOJIsS, HHKAKHe IOBOJB aMEPHKAHCKHX OOpIOB
3a He3aBHCHMOCTb He yOenusu Dpuranui npefoctaBuTh AMepuke
CaMOCTOSITeIbHOE TMpaBJjeHHe H HHKaKue J0BOAb OpPHTAHIEB He
MOIJ¥ 3aCTaBUTh NAaTPUOTOB MHUDHO BHINJAYWBATH Hajord. Ham
pasyM —He 6oJee ueM cJyra, HallH jKeJaHHS — X035ieBa HALIMUX
nelictBuil. YesoBex Bcerja yAOBJETBOPHT CBOW JKeJAaHHS, eCJH 3TO
He CBA3aHO C OCOOBIMH TPYAHOCTSIMH.

To, 0 ueM 5 roBOpHJ A0 CHX IOP, CBOJUTCS K ciedyloliell [1aB-
Hoi Mbicnu., CoBpeMeHHOe MOJIOXKEHHe B MHUpE, CKOJMb Obl yKaCHBIM
U YTpOXKAIOLIUM JAJIS1 BCEro yeJIOBeUecTBa OHO HH OBLIO, KaK BHIpa-
3uicsi Obl MaTeMaTHK, «B OpHHIUNe He HOBO». OHO 1O CYIIECTBY
COBHAJAET C TeM, B KOTOPOM YKe OKa3hIBANUCh HAWM IPeAKU. YTpo-
)ampomass HaM ONacHOCTh THOHOTH3HPYET Hac TaK XKe, Kak Hepeiko
THIHOTH3HPOBAJa HalllUX NPAaoTUOB, — MBI BllaJaeM B KakKoe-TO Olie-
TeHenMe, KaK Mbllb 0py BuIe 3Men. Y ectu Mbl XOTHM, 4TOObI MbIUb
no6opoJia cBoli cTpax, Mbl JOJXKHBI cHauYaJaa HpeoioaeTs HAllK CTPaxH.

Ecnu Halla cuTyanms cxoxa ¢ TOH, B KOTOpOH yxe cJy4aJnoch
O6LiBaTh HallMM NpeldKaM, TO Mbl JOJ/KHBI JeHCTBOBATh TakK XKe, KaK
JOJKHBI OblIM OBl, IO HalleMy MHeHHIO, JeficTBOBaTb W AECHCTBU-
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TeNbHO JeHCTBOBaJH B OOJBLIMHCTBE CJAy4YaeB Halld NPeAKH. Mol
JOJMXKHBl JyMaTh H JAEHCTBOBATb TaK Ke, Kak AYMaJju H JeHCTBO-
BaJH JIOLH, KOTOPBIMH MBI BOCXHMLIAEMCSl 33 OLEpKaHHbIE HMH IO-
6elbl ¥ KOTOPBHIMH NPOJOJIKAeM BOCXHLLATHCS BONPEKH HX MOparke-
HHAM. MHOro JefTesell MPONIJIOro JOCTONHBI HAlero ysaxenus, Mx
oT/AK4aaH J1060Bb K MHDY, TepHeHHe, HACTOHYHBOCTb H JaxKe TOTOB-
HOCTb NOHTH Ha XepTBbl BO H3bexanue KOHQAUKTOB. Oum ob.a-
Jajnu Takxe M MyxectBoM. OHH HMeJH MYKeCTBO He 3aKPHIBAThb
rJa3 Ha TO, UTO OXHAAJO MX CETONHS H YTO HEeH3DeXKHO KAAA0 HX
zaBTpa. OHH He H3berasn KOH(PJAHKTA, ec/IM 3HAJH, YTO.3THM He
JHKBHAUDPYIOT, a JHIIb OTAAJIAT €ro HACTYIJIEHHE W uTO 3aBTpa OH
MOXKeT paspasutbca npu 0Gogee He6naroanﬂTHb1x YCJIOBHAX, UYEM
CerofiHs.

Hpyrofi OT/MUUTENbHOM YepTOR TeX, KOro Mbl BCIOMHHAeM 0CO-
6eHHO uacTo, OblIa HX NpefaHHOCTh Apy3bAM. OHU BLICOKO LIEHHJH
Apyx0y, NOHUMAs, YTO MOXHO BBHICTOATH HJM [AacTh BMeCTe C
IpYy3bsIMH, HO HeJb3f NpelaThb APYra U COIO3HUKA, He H3MEHHB ca-
mMomy cebe, Co cBOMMHM JpY3biMH OHM 3aKJIOYaJy COI03bL, B KOTO-
pbix Gojiee CHJABHBEIA HUKOTJA He OBOpHJ caabomy: «Jl cuibHeey,—-
¥ B KOTOpbIX c/1a6blfi HUKOTAA He IMBITaJACS BLIMOJHTb V OOILEro
Bpara rnoilajy, JHIIHB Nonaslero B Oedy Apyra cBOCH NOAAEPHKKH.
Cros 3xech, nepef BaMH, Kak Ball JIpYr U B TO XKe BpeMs Kak He-
3HAKOMBIH BaM 4YeJIOBEK, i BJBOIHe cO3HA10 Bce He3yMue HHOTO OT-
HOLLIEHHS K Jpy3bsiM. ByneM e BepHHEI CBOMM JpPY3bsM, Kak ObIIH
BEPHBl HAIIH NPeJKH.

Bynem ke cerofHsl Tpe3Bo CMOTpeTh Ha TO, YTO OXHAaeT Hac
saBTpa. OGBIYHO JIOAH CTAapaioTcs He AyMaThb o cMepTH. Hara Kyas-
Typa COBeplIaeT Ipex, NHITAsCh 3aKpPHITb HaM IJia3a Ha Ty Helpe-
JNIOXKHYIO MCTHHY, UTO HHKTO M3 Hac He OyJeT XHTb BeuHo. B pe-
3yJibTaTe MBI OKa3blBaeMCsl HENOArOTOBJEHHbIMH K HeH30ekHO Ha-
CTyHalieMy nocjJelHeMy yacy M He CO3HAaeM, 4TO TO, KakK Mbl
yMpeM — 60OpsCb CO 3JI0M, NpelaB CBOHUX Apy3ell unu Oyayum npe-
LAaHHBIMH HMH, — UMeeT peliaiolliee 3HaueHHe AJAA Jesna Bcell Ha-
meil KHU3HU.

MHe BbInaja cerojfids HeoOGbluHAA yecTh, U s He Mor Obl orbJaa-
rogaputb Bac 3a Hee GoJiee HCKDeHHe, 4eM paccKas3aB O TOM, UTO
oco6eHHO BOJIHYeT MeHsl. ByneM e HajesATbcd, YTO U s H BB CMO-
KeM XHUTb B COOTBETCTBHH C TEMH NMPHHUUMAMH, KOTODble MBI IPO-
BO3TJalllaeM, MOJIHblE CHJI H B OTCYTCTBHE HENOCDEACTBEHHOH omac-

HOCTH.
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[TPUHLIUTTEI CUMMETPUU B CTAPOVM U HOBOW ®M3UKE?)

BBEOEHHE M KPATKHKM OB30OP

CoofpaxeHHsi CHMMeTpPHM M HHBAaDHAHTHOCTH [aBHO yiKe
urpalor B ¢Qu3MKe BakHYI poJb. KpHcrandnorpaguueckde Kjaacchl
(ux 32), T. e. TPYNNBI BpalleHHH B TPEXMEePHOM TNpPOCTPAHCTBE, BCe
37eMeHThl KOTODBIX HUMeIOT MopAnok 2, 3, 4 uaum 6, ObliM ompelne-
Jenol 137 jer Hazax — B TOT CaMblil TOX, KOTAa POIWJIAcCh TeOpHs
rpynn. Besog ®egoposbnim u Hlendpancom 230 mpocTpaHCTBEHHBIX
rpynn ®) (Tak NPHHATO HA3bIBATb AHCKPeTHble MOATPYNIB €BKJIH-
JOBOIl TPYIIbI, coAepxallie TPH HEKONMIaHAPHBIX CABHra) MO mpa-
By CuHTaercs LlefeBpoM aHaJjau3a. He MeHbllee BocxullleHHe BLI3bI-
BaeT M janHas I'poroM KJaccH(bHKALHA BO3MOXKHBIX CBOHCTB KpH-
cTansoB, 06/1afalomyuX CHMMeTpHeHd MPOCTPAHCTBEHHBIX TPYI.

B kuacchueckofl ¢u3HMKe mepBOCTelleHHOe 3HayeHWe MNpUIaBa-
JIOCh TOATPYIINAM €BKJIMJOBOH TDYNIbl, a NepeuyHcieHHe TaKux
HOATPYNN Y BBEIBOJ MHBADHAHTHBIX OTHOCHTEJBHO HUX CBOHCTB CUM-
TaJHCh OCHOBHOH 3ajauef. 'opasjfo 6o/ee 5K30THUECKHMU BBITIA-
JeNd ¢ MaTeMaTH4eCKOH TOUKH 3peHHsi TPYyNOBl CHMMETPHUH pessiTH-
BHUCTCKHX TeOpHH, ONHAKO OHHM He NPHBeJH (H3HKOB HH K CKOJbLKO-
HUOYIbL 3HAUHTENBHOMY BKJAAy B MaTeMaTHUeCKYIO TEODHIO TPy,
HH K IIOCTaHOBKe HOBBLIX MHTEPECHBIX MaTeMaTHYecKHxX mpobJeM.
Korza xe coo6paxkeHHs CHMMeTPHH OBbLIH NPUMEHEHH K ApPYyroMy
BEeJHKOMY JOCTHXKEHHIO (H3HUECKOH TeOpHH HAIIETO BPeMEHH —
K KBAHTOBO! MeXaHHKe, HOBbe 1p00JeMbl NOCHINaNuch, Kak U3 pora
n300uNA, ¥ OBIJIO YCTAHOBJEHO HECKOJbKO HHTePECHBIX MaTeMaTH-
yeckHX TeopeM. OCHOBHasl MPHYHHA CTONb PE3KOTO Pas3/IHUUS MeXK-

'} K pycckoMy M3gaHHi0 Mbl JOGaBHIH 4acTh V, B KOTOPYIO BKJIOUHJM Psill
cratefi Burnepa, mocBfeHHBIX NpoGJeMaM CHMMETPHH, HO He BOINEJIIHX B ame-
pPHKaHCKOe H3[LaHHe.

?2) Uz xypuana: Bull. Amer. Math. Soc., 74, Ne 5, 793 (1968). Jlexuus npo-
uyurana 23 suBaps 1968 r. B CaH-PpaHUHCKO Ha eXerogHoM cbe3fe AMepHKaHCKO-
ro MartemartHyeckoro o6utecrsa. [Nocesuena namsitu Jxo3safin Buanapaa I'n66ea.

8) B mnacrosllee BpeMsi HX NPHHATO Has3bBaTh «()eJOPOBCKHMH» FpylNaMH.
(ITpuoputer E. C. ®epoposa noguepknyr A. llenduincom B ero omyGaHKOBaHHOM
NHCbMe 3HAMEeHHTOMY PYCCKOMY Kpucramwaorpady.) — llpum. nepes,
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Iy KBaHTOBOH H KJIAacCCHYeCKOH TEOPHAMH 3akKjalodasach B crnocobax
ONMHCaHHA COCTOSIHHSI. B KiaccHYeckOH TEOPHH COCTOSIHHE Xapakre-
pH3yeTcsl NOJOXKEHHeM H CKOPOCTbIO YacTHI. 3ajlaHHe 3THX mapa-
METPOB 3KBHUBAJEHTHO 3aJaHHIO COOTBETCTBYIOUIMX TOYEK B OOHIY-
HOM TpEXMEpPHOM MpPOCTPpaHCTBe. B KBAHTOBOI TEOPHH COCTOSIHHE
ompejiessieTcsl BEKTOPOM B aOCTPAKTHOM THMAbOEPTOBOM MpPOCTpaH-
ctBe. [IpeoGpasoBanus CHMMETDHH B KJIACCHUECKON TeOpHH ObliId
BecbMa HAIVIAJHBIMH TIpeo6pa3oBaHUAMH TPEXMEPHOTO NpPOCTpaH-
CTBa, B KBAHTOBO¥ TEOPHUH pPOJib NpeoOpasoBaHNi CHMMETPUA CTAJH
HTpaTh YHHUTApHBle TNpeoOpa3oBaHusl THJAbOepTOBA NPOCTPAHCTBA.
[Tocnenuue o6pasyoT pas3jHUHble NMOATPYIIEl IPYINEl BCeX YHUTAp-
HBIX TIpeoOpa3oBaHui, CYLIECTBEHHO TOMOMODPQHbBIE IpyINe CHMMET-
PUH paccMaTpUBaeMOl 3alayl — CYUYECTEEHHO TIOTOMY, YTO B KBall-
TOBOH MexXaHMKe BCSIKOe YHHTapHoe Iipeo0pasoBaHHe 3KBHBAJEHTHO
MoboMy APYTOMy YHHTAPHOMY NpeoOpasoBaHHIO, OTIHYAIOIIEMYCS
OT HEro MHOKHTeJEeM, PaBHHIM IO MoAyJ l. B pesysbrare mccae-
JOBaHHUM, NpOBelJeHHBIX IJaBHbIM oOpa3om Baprmanom [18], Bhisic-
HHJIOCh, YTO CTOJIb CHJABHYI0 HEOJHO3HAYHOCTb MOMKHO OCAaGHTh.
a B GOJILUIMHCTBe CJyuaeB IOCJe HaAJexXalllero pacllupeHHs YHH-
TAPHOH MOATPYNIBLl JaKe 3aMEHHTb TOMOMOpP(H3M H30MOphHU3IMOM.
Takasi pacwupensas rpylna HOCHT Ha3BaHHe KBaHTOBOMEXaHHUe-
cKolt rpynnel cuMmeTpud. Onepaunny KBaHTOBOMEXaHHYECKOH TPyIl-
Bl CHMMETPHM pa3OuBaloT THJAbLGEPTOBO NPOCTPAHCTBO COCTOAHHH
Ha TOANPOCTPAHCTBA, KaXkA0e H3 KOTOPHIX HHBAPHAHTHO OTHOCH-
TeNbHO mpeobpasoBanufl rpynnel. CjeloBaTesbHO, B KaXKAOM HHBA-
PHaHTHOM MNOANpPOCTPAHCTBE 3TH ONEPALHH HHAYUHPYIOT NPEACTa-
BlicHME KBAHTOBOMEXAHHUCCKOH TPYMIBI CHMMETPHH YHHUTAPHBIMH
npeobpa3oBaHHSAMI.

®Ou3uky [peANpUHSAN HaMHOTO GoJee nojpofHOe H3yUeHHE
npeacTaB/aeHUH TPYII CHMMETDHH, 4eM 3TO OLIJIO CHeNTaHO 0 HHX
MaTeMaTHKaMH. B Tex ciayuasx, KOT[Ja NPEICTABJIEHHS yXKe Obliu
B NpPHHIHKIE H3BEeCTHH, (H3NKH HAULIH KaHOHHHeCKHe (opMbl He-
IIPHBOJMMBIX TIpeCTaBJeHHH M HHBAPHAHTHBIE MOANPOCTPAHCTBA
NPSIMBIX (MJIM TEH30PHBIX) I[IPOM3BENCHHMH HHBADHAHTHBIX MOINpPO-
CTPAHCTB. ITO MO3BOJHI0 HM IOCTPOHTHL TEOPHIO PA3JIHUHBIX K03(-
¢GuuuenToB cBsA3H (3j-, 6j- M APYrHX j-CHMBOJOB GoOJiee BBICOKOTIO
nopsiika), NPeACTaBJSIOLIMX HHTepeC H ¢ TOUKH 3DeHHS] YHCTOH Ma-
teMaTHKH. JLJI1 HEKOTOPHIX HEKOMNAKTHBIX Tpynn JIn ¢uiuka na-
M paHee HeW3BeCTHble YHHTapHble MNpelcTaBJjeHusi. Bo MHormx
caydasix BCe HETPHBHAJIbHBIE INpeJCTaBJ/eHHs oKalaJduch GeckoHed-
HoMepHbIMH. OThicKaHHe OGeCKOHeUHOMEPHBIX IPeJCTaBJICHHH Bcex
JIOKAJbHO KOMIAKTHEIX T'PYNN HPEBpPAaTH/IOCH B OBICTPO PasBHBAIO-
myiocsi o6JaacTb MaTeMaTHKH.

BrnsioTh [0 HelaBHEro BpeMeHH B IIEHTpPe BHUMAaHHA (pU3HKA, 3a-
HUMAIOIIErocss H3yueHHeM CJAeACTBHE TeX HJHM MHBIX NPUHIMNOB HH-
BAPHAHTHOCTH, HaXOIWJI4aCh TeOPHs mpeAcras/ienuid rpynn. [pyn-
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Noii CHMMeTpuH B GOJBIIMHCTBE cJydyaeB clyxHJaa JHOGO KBAHTOBO-
MexaHHueckaa rpynna [lyankape, nnGo Xakaf-To H3 ee MOArPYIIL
B nocaennde roasl UHTEpEC IMepeMecTHICS Ha TPYAIbI, ABJAAIOUIHECS
JHUOIb TPYNIaMH UPHUOJMKEHHOH CUMMETPHH M ob6pasymiouise pas-
JH4HBle paciiupenusi rpynnel [lyankape. Takum oGpasom, Mel mpu-
CyTCTBYeM IpH OOPAaTHOM IMPOLIECCE, KOTAA OCHOBHBIM OOBEKTOM
H3yUeHHs] BHOBb CTaHOBSATCSI He NpeJCTaBJeHHS HM3BECTHBIX TIpyII,
a npoOJaeMBbl [OCTPOEHHS CaMHUX TpPYIN, B YaCTHOCTH TaKHX, KOTO-
pBle colepxkaTt B KauecTBe moarpynnel rpynny Ilyaukape. OTHocu-
TeJbHO TaKUX IPYNN W HX NpeACTaBJcHHH MOJyueHO MHOrO HHTe-
PecHBIX pe3yJ/bTaToB.

3BOJIIOLINA ®U3HKH

®usuka ¥ ecrecTBo3HaHue 3a nocaefnre 100—150 ser nperep-
neju 3HAUMTeJbHble U3MeHeHHA. MaMeHusdcs Ayx Hayku, ee mpej-
MeT, cnoco6 aeficTBUSA.

VismeHeHHe jyXa HayKd NPOH30LIJIO B HalpaBJeHHH Bce GoJee
BO3pacTramlleil H30IpeHHOCTH. Ecu JieT CTO Ha3aj 3aKOHBI (PU3UKH
$HOPMYJAHPOBANNCL B TEPMHHAX HEMNOCPEACTBEHHO HaO0MI0gaeMbIX
BeJIHUHH, TO COBpeMeHHAast (H3MKa HCHOJb3yeT IJIA TeX 2Ke LeJeft
CIOXKHelilllHe MaTeMaTHYeCKHe [OCTPOEHHA, H 3TO He YIHBHTENbHO,
NOCKOJIbKY HpPOBeIeHHBI COBpeMeHHOH (U3HKOH aHanu3 MOHATHS
«HeNOoCpelCTBeHHO HAaOJ10aeMble BEJNHYHHBI» IPHBEI K BBHIBOLY,
YTO B MHKPOCKONHYECKOI 00/1aCTH TaKHe BeJHYUHBEl He CYLIECTBYIOT,
MaJo KTo MOMHHT, YTO MepBBIil KPYNHBIH LIAr Ha MYTH K M30OLIpeH-
HOH B MaTeMaTHYeCKOM OTHOLIEHHH TeODUM — BBeleHHe (a3oBOro
MPOCTPAHCTBA ¢ €r0 YYJAOBHILHBIM YHC/AOM H3MepeHHH — 6ulI che-
aad Bunnapaom 'u66com !). Caenyrollye ABa 1mara Ha OyTH K Ma-
TeMaTHYeCKH W3OLIPEHHON TeOpHH XOPOIUO H3BECTHBI — CO31aHue
TEOPHH OTHOCHTENBHOCTH M KBaHTOBOH MexaHuku. [lo uponun
cyab6hl mocaeqHHe ABa 1Iara ObLIM NPeANPUHATH HMEHHO AJs TOTO,
uTOOBl HCKJIIOUHTb M3 (DHU3UUeCKOH TEeOpHH HEINOCPEeICTBEHHO HeHa-
6no1aeMble BeTMYHHBL. BelnuuHB, NpHHIUIHAJABHYI0O HeHabJiogae-
MOCTb KOTOPbIX CO3JAaTeld TEOPHH OTHOCHTEJNbHOCTH W KBaHTOBOH
TEOPHH CO3HaBa/H, AelCTBHTEJNbHO YAAJOCh HCKIIOUHTb, HO HX Me-
CTO 3aHSJH TaKKe HENOCPEACTBEHHO HeHalbJlojaeMble BeJHUHMHBL:
BEKTOP COCTOSIHHSI M TPABHTALMOHHAA METPHKA — MOHATHHA, OTJIH-
qaoliMecss OT MOHSTHH KJaccHieckol (H3UKH HaMHOro GoJbliei
MATEeMaTHUeCKOH H JIOTHYECKOH H30LPeHHOCThIO.

1) Pa6ora T'u66ca [l], Becbma 3axonHuenHass no ¢opme, oGbeMoM IOYTH
300 crpanui Gbia Hanucana B 1901 r. u onyGinKoBaHa VlelbcKuM yHHBEPCHTETOM
B 1902 r. B 1928 r. BruIO ee BTOpOE M3llanne. Bo BTOpOM ToMe paGoThl [2] mome-
LleHbl HHTepecHble NpHMeuaHus ['aasa kK paboram ['m66ca (TouHee, gBa KOMMeH-
Tapus — KOpoTKu#l u miauHHbli). Pa6Gora ['uG6ca [3], 8 KoTopofi on BBes NOHSATHe,
CrpaBeAJMBO HOCsLlee ero Mmsi, — MOHsATHe (a30BOro NpOCTPAHCTBA, uMesna 00beM
scero Jumib 1 crpanuily. Ona 6wiia onyGaukosaHa B 1884 r. JKenatowme Moryr
HaliTh ee Ha cTp. 16 Broporo Toma «Hayunwix Tpymos Buanapna 'nG6ca» [4).
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IlpenMeT ¢u3uKy, fa U APYTHX €CTECTBEHHBIX HAyK TaKkKe H3Me-
Hujaca. DTo H3MeHeHHe OCOOeHHO 3aMeTHO Ha IpHMepe (DU3HKH:
€C/IH B KOHIle MPOIJOro Beka (PH3MKA 3aHHMaJach H3yUeHHEM JHIIb
MaKpOCKOINHYeCKHX 00beKTOB, TO Ternepb Mbl cudTaeMm pabory mO
MAaKpPOCKONHYeckoHl (H3HKe (HanmpHMep, H3SIIHYIO HOBYIO TeOpHIO
tpeHus Boynena u TaGopa [5]) sk30THUECKOI!.

Mamenuncs, nakoneu, n crnocob nekicreus. Temepb y Hac ecThb
Boarmas Hayka (B cmbicne AnbBuHa Beiinbepra) c ee coTHAME yye-
HBIX, BJIHBAIOLUMXCS Kax<Aoe yTpo B Jabopartopud, nabbl copBaTh
3aBeCHl, 3a KOTODHIMH IIPHPOAA NBITAETCSl CKPHITb CBOH TalHBL JTO
H3MEHEeHHEe YKe HEOJHOKpaTHo o6CyXKaanoch, u A He XO4uy ocTa-
HaB/JHBATbCA Ha HeM ceHuac.

M Bce Ke KOe-uTO OCTaJoCh HeHM3MeHHBIM. Kak M BO BpeMeHa
[Manunes, ecin BoCcOo/ab3oBaThes cloBaMu camoro [anunest), «npu-
poia ¢opMyJaupyer CBOM 3aKOHHl Ha sI3blKe MarteMatuku». Wpeu
CHMMETPHH W WHBApHAHTHOCTH Heu3MeHHo (10 Kpalinell Mepe, ecsd
UMeThb B BUAY nocJennue 150 JeT) urparmoT BaxkHYIO POJab B (H3HUKE,
U 3HAueHHe HX, MO-BHAHMOMY, BCe BO3pacTaer.

C npyroit cTOpOHBI, CYLIECTBEHHO H3MEHHJHCh NpelCTaBJeHHs
0 TOM, KaKHe pasfiejlbl MaTeMaTHKH OCOGEHHO HOJIe3HBl (QUIUKAM.
Haxe 50 Jjer Hasaj MaTeMaTHUecKuil anmapar (U3HKa OrpaHHYH-
Bajca TeopHeH OOLIKHOBEHHBIX AH(depeHInaJbHBIX YypaBHEeHHA ¢
HeOOMBINOH «NPUMechbio» ypaBHEHHH C YACTHBIMH [POH3BOAHBIMH.
Jler 35 Hasan ypaBHeHHS C YAaCTHBIMH TPOHM3BOJHBIMH H Teopus
ruab0epTOBa IPOCTPAHCTBA yXKe 3aHHMaJd B MaTeMaTHueckoMm 00-
pasoBanud GH3KMKa JTOMHHHpYMOllee MecTo. Cerojns HaM yaule
NPHXOUTCA CALILATL O TEOPHH AHAJIUTHYECKHX (YHKUHH OAHOH
WM HeCKOJbKHMX MepeMeHHBIX, 0 TeOpHu 0000ueHEbIX GYHKIHHA H,
HaKOHell, O TeOPHH TPYNN ¥ UX NpeACcTaBJeHHH, yeM O TeODHH THJb-
GeproBa NpPOCTPAHCTBA H NMpeoOpa3oBaHUAX K IVIABHLIM OCAM, XOT:
noc/elHHe W N0 Cef JeHb, MO-BUAMMOMY, MOI'YT CJIYXKHTb S3BIKOM
A1 GOpPMYAUPOBKH 3aKOHOB NPHPOLHL.

CUMMETPUS KPHCTAJJIOB

BepueMcsi K nepBOfi TeMe Moell JEeKUMH H PacCMOTPHM pofb
CHMMETPHH B cTapoil (B NeACTBHTENBHOCTH OuYeHb CTapol) ¢usuke.
B Te naBHHe BpeMeHa CHMMETDPHS HCIIOJIB30BAJach MO CYLIECTBY
JHllb B KpucTajnorpaduu. § ynomusaio o6 3T0M 3Jech He NOTOMY,
YTO MHe YJaJOoCh IOJNYyYHTh KaKHe-TO HOBble MaTeMaTHUeCKHe pe-
3yJbTaTH, NpeAcTaBJsiOiNe HHTepec A8 KpHcranaaorpados, a co-
BceM no uHOH mpuunHe. Mcropusi kpucTasnjsorpaduy CAyKHT NpH:
MepoM TOrO, Kak OfHHM M Té Ke HieH BO3HHKAIOT U pasBUBaIOTCH
napanyesbHO Y MaTeMATHKOB M y €CTeCTBOMCHbITaTesell H Kak 00e

') «Egei e scritto in lingua matematica,..», Cm. paory [6].
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KaTeropuu Hcc/eqoBatesed, WMeEWINHX BHayaje BecbMa OT/iaJeH-
HOe NpelcTaBJieHHe JApYr O Apyre, Ha OoJlee MO3JAHeH CTalHH pas-
BHTHSl TeOPHH OGbefAMHAIOT CBOH ycHaHA. Posb ecTecTBOHCHbITATENS
CBOJMTCS] B OCHOBHOM K IOCTAHOBKe HOBBHIX Npo0JeM H HaXoxjie-
HUIO HEKOTOPHIX WX pelleHnil. MaTeMaTHK He TOJMbKO crnocoGCTByeT
6oJiee ry6OKOMY MOHHMAHHIO pelIeHHs, HaHJeHHOro ecTecTBOHC-
HBITATE/IEM, HO M CYIeCTBEeHHO o6o0llaer NepBOHAYAILHYIO HOCTA-
HOBKY npoGiempl. Ha panHuUX CcTajusix CBOEr0 pa3BUTHS KamkKjoe
U3 3TUX HAOpaBJEHUH HUUEro He 3HAET O pe3yabTarax M MeToJax
CBOEro cocefla, HO BHOCJEACTBHH MeXJy HHMH YCTaHaBJIHBAeTCs
TeCHOE COTPYIHHYECTBO.

To, o ueM s HaMepeBalOCh paccKa3aTb B CBOeM JOKJ/aje, OTHO-
CHTCS B OCHOBHOM K eCTECTBOMCIBITaTeNsIM, HO $1 HaJeloch, YTO H
MaTeMaTHKH CMOTYT INOYEpHNHYTb H3 JOK/I3aAa KOe-uTo HOBOe /st
cebs.

Wcropua npuMeHeHua upeil cuMMeTpud B ¢H3UKe HauuHAeTCs
¢ 1830 r., korza leccenp BeIBes 32 Kpucrajanorpaduueckux KJjac-
ca'). Tak npunsatTo Ha3plBaTb KOHeUHBblE Ipynnbl COOCTBEHHBIX U He-
cOOCTBEHHBIX ITOBOPOTOB B TPEXMEPHOM NPOCTPAHCTBE, COAepIKalllle
JIHIIb 3JeMeHTH nopsgka 1, 2, 3, 4 u 6. Crartea Ieccensi nosiBusiach
3a ABa roja A0 3HaMeHUTOH Ay3ad?), npouciuienumeit B [lapuixe.
B Tom e 1830 r. BnepBble mpo3By4aJ TePMHH «TpyHNa», H caMo
noHsATHe OBLIO 4eTKo C(hOpMyJaHpPOBaHO.

Moxer BO3HUKHYTbL Bonpoc, nodemy [ecceiib orpanuyugaca pac-
CMOTPEHHEM TpYIN, CcoAepXKalUlUX JHIIb 3JeMeHTH nopaaxka 1, 2,
3, 4 u 6. llpuuuna sakaouanach B ToM, uTo [eccesio Onino HsBecT-
HO CBOHCTBO KpPHCTaJLIOB, OTKpBHITOE 32 50 JieT A0 TOrO OAHHM H3
ocHoparesell Kpucrajjorpadpuu ad6arom [laiou ). Iawou obuapy-
KW YAMBUTENBHYI0 0COOEHHOCTb PacnosoXeHUd Kpucraanorpadu-
YeCKHX MJOCKOCTeH. 3akJmwouaercs oHa B cjaeayioileM. Bribepem 3a
HallpaBlleHus: ocell KOOPAMHAT JIMHHU IlepecedeHHs JIOOBIX Tpex
Kpucraajorpadpudeckux NJockocrefl. Torga oTHoIleHHS [JHH OT-
pe3KOB, OTCEKaeMEBIX Ha 3THX ocax JoOoi ApyroH KpucraJnorpa-
huueckoll NNOCKOCTbIO, OYAYT BHIPAXKATHCA pPAUMOBAALHBIMH YHC-
JaMH. DT0 CBOHCTBO KpHCTa/JIOB MNOJYYMJIO HAa3BaHUE 3aKOHA
pauuoHabHBIX HHAEKCOB. I'pynnma cuMMeTpuu Kpucrasia, cojepxka-

'} Cratbs I'eccesis Obia nepBoHaYajpHO ONYGJIHKOBAHA B ClpaBouHHKe [7],
a nosjgHee namneyaTana B OAHON M3 KHWT cepur «OCBaAbIOBCKHE KJIACCHKH TOYHOTO:
ecTecTBO3HaHus» (cm. [8), crp. 91 u nanee). HHTepecylomuxcs HCTOpHeH KPHCTa-
norpaduu Mbi orchiiaeM X kuure {9). CoBpemennniii 0630p HCTOpUU KpHCTaA/LIOrpa-
¢un, ornnyalowuiics HeoGbluafiHON IIMPOTOA OXBaTa MarepHasa, cM. B Kamure [10]

2) Kmeercs B BMAY AY3db, Ha KOTOPOH NOrul OCHOBONMOJIOXKHHMK TeOpHu rpynil
Aeapucr lanya. — lIpum. nepes.

3) Peub uper o cratbe [atou [11]. Ioppo6Guas Gubnuorpadus upuseseHa 8
guure Bepka [10] (ctp. 190). Bepk Bbipaxkaer comHenHe (cM. ctp. 83, 84 erg
KHUIHM) B TOM, uTo ['aiou Huyero He 3Hal O paboTax CBOUX (pelUCCTBEHHHKOB, K
B 4acTHOCTH O pa6ortax Beprmana,
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I11asi TIOBOPOTH Ha Jo6kie yrael, Kpome 60, 90° 1 KpaTHEIX HM, IPO-
THBOpeyHsaa Obl 3aKOHY palHOHaJbHBIX WHAekcoB. C 3THM 06CTOSA-
TeJbCTBOM H CBA3aHO ycJoBHe [eccensi: Bce MOBOPOTH, BXOAALIHE
B IDYNNy CUMMETPHH KpHCTaJJa, AO/KHB OBITb 3JeMEHTaMH IO-
paaka 1, 2, 3, 4 u 6.

3aKOH palHOHANBHBIX MHIeKcOB latod Gbil 3MIOMPHYECKHM 3a-
KOHOM, M €ro BpsiJ JH yZaJocb Obl OTKPHITh, e€Cd Obl palHOHAaJb-
Hble 4YHCJa, KOTOPBIMH BLIPaXKAIOTCS OTHOLIEHHS JJHH OTPE3KOB,
oTceKaeMbIX KpHcTassorpaduuecKHMH IJIOCKOCTSIMH Ha KOODJAHHAT-
HbIX OcfiX, He ObIH oueHb NpocThiMH. [Ipn HapsexalieMm BhIGOpe
OCHOBHBIX I/IOCKOCTEH UYHCAHTeNH H 3HAMEHAaTeJH 3THX palHOHaJb-
HBIX YHces, KaK NpaBulo, MeHblle 6, a Hepeako u 4. Ecau Gbl pa-
LUMOHAJbHBlE UYHCJI4, O KOTOPEIX TOBOPHUTCA B 3akoHe ['aioH, Obliu
NPOH3BOJIBHEIMHY, 3aKOH DALHOHAJNbHBIX HHIEKCOB Heab3s Obl1o Obl
NPOBEPUTH 3KCNepUMeHTaJdbHO. Bosee Toro, camo OTKpHITHE 3aKOHA
66110 6Bl HEBO3MOXKHBIM, €cJaH O6bl ['alon He UCXOoAMJ U3 HAIJISIIHOH
KapTHHBl CTPOEHMsA KPHCTA/JIOB, omHcaHHOH noutw 3a 300 Jjer fo
Hero emuckornoM CTeHO!),— MpaBHJBHOTO PACHOJOKEHHS ATOMOB
B y3/JaxX NpOCTPaHCTBeHHOH pemeTku. Helme Mbl pacnosnaraem fo-
Ka3aTeJbCTBAMH pPeasibHOCTH TAKOH KapTHubl. MimeHHO oHa MNpuse-
sa [aon K OTKPBITHIO 3aKOHA PALMOHAJbHBIX HHAEKCOB, KOTOPBIH
3aTeM OblJ1 NPOBEPEH 3KCIEPHMEHTAJbHO M B CBOIO O4epelb N03BO-
JIMN YKa3aTh, KaKUM OIPAHHYEHUSM [OJIKHBI YIOBJETBOPATh NMOBO-
pOTHI /51 TOro, YTOOBl OHH MOIVIH BXOJHTH B IPYHIy CHMMETPHHU
kpucranana (ycaosus Ieccenn). Korga B camMoM KOHIEe HpOULIOro
Beka @Denopos [14] u Ulendauc [13] uccnenosasny MoJHYIO CHMMeT-
pHIO KpHCTa/s0B, oOHApyXHAOCh, 4TO HalneHHble Ieccenem rpym-
O ABasiiorca 32 pasauyHbiMH QaKTOPrpynmaMu BCeX BO3MOXKHBIX
HPOCTPAHCTBEHHLIX I'PYNN N0 MHBAPHAHTHBIM MOArpynnam, odpaso-
BaHHBIM cIBuHraMu. IlpocTpaHCTBEHHLIMH TIpYyNIaMH HAa3bLIBAKOTCS
JIMCKpeTHbBle MOATPYNIBl €BKJAMAOBOH T[PYNIBl, COAepiKAllve TpH
HeKomaHapHBIX caBura. Bcero, kak noxkasamun ®enopor u Illendg-
JIHC ¢ TOMOIIBI0 TEODETHKO-IPYIMIIOBHIX METO/OB, YK€ H3BECTHBIX
B TO BpeMf NO KpalHedl Mepe HEKOTOPHIM Kpucrtasanorpadam, cy-
mmecrsyer 230 npocTpaHCTBeHHBEIX rpynn. BsemeHHoe Teccenem
orpanuyeHue (3M€MeHTH TPyNH CHMMETDUH KpPHCTAMLJIOB MOTYT
UMeTb Julib mopsiaok 1, 2, 3, 4 u 6) okasajocs ropasfo MeHee npo-
M3BOJIHBIM, Y€M MOIVIO MOKa3aTbCsl Ha IEepPBBHIA B3IVIAL.

3akJIIOYNTETbHAS HacTh HCTOPHM DPOJH CHUMMETDHM B OUEHb CTa-
polt ¢u3uKe INpencTaBiageT HHTepec JuIb And ¢u3ukoB. CBolicTBa
CUMMETPUU KPHCTAJJIOB ONpejfeseHHBIM 00pasoM NpOSIBJAAIOTCA B
MAKpPOCKOMHYECKHX CBOHCTBAX KPHCTAJJIOB, YTO II03BOJISIET [OJY-
YaTh IeHHble CBeJeHHst 00 UX BHYTpeHHeM cTpoeHHH. MHpopmanus

') Cm. paGory [12]. B neficrBuTensHOCTH B 3TOH paGoTe COREPHKUTCA JHIIb 3a-
POALUL HAeH O KPHUCTA/NIHYECKON pelleTke,
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TAKOTroO poja C MOJHbIM NMOHMMAHHEM CPYNIMOBBIX CBOACTB oNepauuft
CHMMETDHH, XOTH, KaK IIpaBHJO, H He Ha f3blKe TeOPHH Tpynm, Oblia
nonyyeHa B ocHoBHoM [porom [15]'). Ham, ¢usukam crapuiero
NOKOJIeHHUsl, MNO-NpeXHeMy  JOCTaBJsieT  YJIOBOJbCTBHe UHTaTh
0 CBOMCTBAaX KPHCTaJJIOB M y3HaBaThb O TeX Ype3BbIUafiHO perKuX
UCKJIIOUEHHAX, KOIZla CHMMEeTpHsI, IpUCyllas IOLaBAsIOUleMY 60Jib-
[IHHCTBY CBOHCTB KPHCTAJJIOB, cjaeria Hapymaercs. K coxaJenuio,
CHMMETDPHIO KPHCTaJ/JIOB Henb3d CPOPMYJHPOBATH Ha A3BbIKE COBpe-
MEeHHOH KBAHTOBOH TEOPHH, IIOCKOJBKY 3Ta CHMMETPHS HOCHT JIHIUb
npubauKeHHBIE xapaxkTtep (UpuGaUKEHHBI B TOM CMEBICHE, YTO OHA
BepHa, ecJad JBHKeHHe fA/lep MOXKHO ONMHChIBATh ¢ MOMOIULIO KJac-
CUYeCcKO#, T. e. HeKBaHTOBOH, Teopuun). He wmenbluee coxasnenue
BbI3bIBAET H TO 0OCTOATENBLCTBO, YTO HHKOMY M3 HAac He y1aJ/10Ch yCTa-
HOBHTb Hpelenbl NPUMEHHMOCTH NMOHATHS CHMMETPHH KpuCTaJia H
YKa3aTh SIBJEHUS, B KOTOPHIX JOJIKEeH NpPOABJISATbCA ee NMPUOJIHIKEH-
HBIL Xapakrep.

[Ipexpne yem mepexoauTh K GoJjiee COBpEeMeHHHIM BONMpoOCaM, W B
YaCcTHOCTH K KBAaHTOBOH TEOpHH, 51 NOJKeH 3aMeTHTb, YTO HHTYH-
THUBHbIe IPEACTABJEGHUS O CHMMETDUHM HIrpaju BaXkHyK poJb B
MBILLTEHUH BeJAUKHX (PU3UKOB HPOULIOro, XOTS sBHOE UCHOJNb30Ba-
HHe CHMMeTPUM B CTapod ¢H3HKe OrpaHUUUBAIOCH B OCHOBHOM
Kpucrannorpadueir. Hanpumep, cuurasnoch, yto Mexk1y ABYMs Ma-
TepuaJbHHIMH TOYKAMH Bcerja JeHCTBYeT LeHTpaJbHAasd CHJIa, T. €.
CHJia, HaNpaBJAEHHAs BJOJbL coeAunslomed uX npamoft. Jluiib rakoe
HanpaBJeHHe CHJbl COBMECTHMO C HHBAPHAHTHOCTbIO OTHOCHTEJNbHO
Bpaulenuii. MHBapHaHTHOCTb 3aKOHOB (PU3UKH OTHOCHTEJBHO CABH-
ros (Kak B IIPOCTPAHCTBe, TaK H BO BpeMeHH) Oblia TIHIOTE30H,
3axBaTUBLIed YMBl eCTECTBOMCIBITATeNel 3a40Aro OO TOro, Kak
Gbi1 HaHoeH M3OLpeHHBIH cnocob ee GopMy.IHporKH. B HekoTOpHIX
paborax HreloToHa sicHO ollyllaercs, YTO HX aBTOp ObLI 3HAKOM
C TIPUHIMIOM, KOTOPbIH MBI TENepb HA3LIBaeM NPHUHIHUIOM HHBapH-
aHtHoctu Ianunes.

B koOHIe paccMaTpuBaeMOro HaMHu INepHOAA HCTOPHH (HBHKH
Famens, Kueiin u Herep .0pel/oXuan IJas 3aKOHOB COXpaHeHHS,
perpevaroimMxcs B (QU3HKe, BecbMa H3fALIHbIA H TOHKHH BHIBOJ Ha
OCHOBE TeOpPEeTHKO-TPYNNOBHIX coobpaxkeHuit. K toMy Bpemenu 3a-
KOHBl COXpaHeHHA Yyxe OBbLIH, pa3yMeeTcl, XOpOWIO H3BECTHBI, H
(OHU3UKKH yMeau BBIBOAUTL HX OoJjiee 3JeMeHTapHLHIMH crnocofamu.
[TocKoabKy HCMONB30BaHHe NMPHHIUHMIA CUMMeTPHH NpPH BBHIBOJAe 3a-
KOHOB COXpaHeHHS HOCHT KOCBEHHBIfI XapakTep, a BeCb Kpyr BO3HH-
KaUIHX TpPH 3TOM NpobieM HEOJHOKpaTHO o6GCyKAajcs H MaTe-
MaTHKaMi 4 (HU3EKaMH, Mbl He OyJeM OCTaHaB/AUBaTbCd Ha HeM
Gonee noApoGHO.

!) B Goiee sBHOM BHAe TeOPETHKO-TPYMNNOBOA MOAXOJ UCO/IB30BaN B CBOEM
yue6uuke Poiirr [16).
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KBAHTOBA MEXAHHWKA

Hesp3si He yAHBAATBCA TOMY, UTO IPHHIMIL CHMMETPHH Hrpaju
ABHYI0O U HeNOCDPeJCTBEHHYIO DOJb JIHIIb B BecbMa Y3KOH 006/1acTH
cTapol (PHu3uKH — KpucTamiorpaduu. [leficTButesbHO, HHBapHAHT-
HOCTb ypaBHeHHH [IBHXKEHUs] OTHOCHTeNbHO rpynn [anaunes uiu
[Tyankape ), Bk/aoUamomux B ceGa BCIO €BKAHAOBY TPYINY, JOJXKHA
IPUBOJUTL K NPSAMBIM CJAEIACTBUSIM [JIsi SIBJeHHH, JeXKalmuxX BHE
Kpucrannorpaduu. BBISICHUM, B 4eM COCTOSIT 9TH CHEICTBHS.

PaccMoTpuM OYeHb NPOCTYIO CHCTEMY: aTOM BOAOPOAA C 3JieK-
TPOHOM, JBHKYIIMMCS IO OOPOBCKOH op6uTe. K KakKHUM OYEBHAHBIM,
«HAaHBHbIM» CJIEICTBHSIM IIPUBOJUT MHBAPHAHTHOCTh YPaBHEHHH IBHU-
)KeHUs OTHocuTenbHo rpynnbl [anunes wmnu [lyankape? Bo-mep-
BBIX, Mbl BIIpaBe yTBepXKJaTh, YTO aTOM BOJOPOIA C YCIEXOM MOXKET
HaXOAuThCs B JIOOOM APYroM Mecre, a He TOJbKO TaM, TAe OH AeH-
CTBUTEJIBHO HAXOAUTCH. BO-BTODBHIX, 3AEKTPOH MOXKET HAXOAUTHCH
B J1060f TOuKe CBOH OpOGHTH. B-Tperbnx, atoM BOZOPOZA MOXKET
HAXOIUTbCSI B COCTOSIHUM DPaBHOMEDHOTO NPSIMOJHHeAHOro IBHIKe-
HHA, a He TOJBKO B COCTOAHHH MoKosi. Haxkonern, GopoBckas op6ura
MOKeT JieXKaTh B J000 HAKJIOHHOH IIJIOCKOCTH, a He TOJBKO B rO-
pHM30HTAaABHOH. Bce 3TH CBOHCTBA aroma BOLOPOIA MOLYT COOTBET-
CTBOBATb UCTHHE, HO HH OJIHO M3 HHUX HUUEro He TOBOPHT O CBOHCT-
BaX GODPOBCKOH OpPOUTHL.

[Ipoananusupyem mnociensee yrBepxuaenue. ITo-BUIHMOMY, aTOM
BOZOPOdA AeHCTBHTENbHO MOr' OBl HaXOJHTbCA B JHOOOH TOUKe Mpo-

1} CornacHo KJIacCHYeCKOH, T. . HePeJsATHUBHCTCKON, TEOpPHH, YPaBHEHHA ABH-
JKEHHUsT OCTAHYTCH WHBADHAHTHBIMH, €CJAH TPH NPOCTPAHCTBEHHble KOOPAMHATHI Xi
(i = 1, 2, 3) noapepruyts npeoSpasosanuio ["anuies

3

x;=zoikxk+vit+ai (l=ly 2; 3)!
k=1

roe BeaumuuHsl O;x 006pa3yloT opToroHajdbHyo Matpuimy 3 X 3. Bpema ¢ aubo
ocTaeTcsa wuHBapuaHTHbiM (I = {), aAubo nozBepraeTcs npeoGpas3oBaHuio CABHUra
HayaJja oTcueTa
= t—l— Qy.

Bextop v yKaspiBaeT, KaKyi0 CKOPOCTb HMEIOT JBe CHCTEMLI KOOpAHMHAT (crapas
H HOBast) OTHOCHTENBHO IPYT LpYTa; BeKTOp @ OnpelesseT, HACKOJIbKO Hayasno HO-
B0l CHCTEMBbI KOOPAMHAT OBbLIO CMEIEHO OTHOCHTENIbHO Hayajia HCXOJHOH CHCTeMB
KoopAauHat mpu ¢ = 0. B coorBeTcTByIOIIEM NPe0Opa30BaAaHUN CHMMETPHH, IPHHATOM
B TEODHH OTHOCHTeNbHOCTH (mpeo6pasoBanue IlyaHKape), spems o6peTaer GoJb-
lee PaABHONpaBYe MO CPABHEHHIO C MPOCTPAHCTBEHHBLIMH KOODAMHATAMH: BMECTO
BpeMeHH ! B TEOPHH OTHOCHTEJBHOCTH BBOAHTCH NepeMeHHass Xo = ¢t (¢ — ckoO-
poCTb cBeTa), H mpeofpa3oBaHue 3aNHCHIBAETCS B BHIE

3
xj= 3 Lyx,+a; (i=0,1,2 3),
k=0
rae L — npeo6pasopanuue JlopeHua, T. e. Kakoii-To anement rpymnst O (1, 3). Ipe-

o6pasoBarue IlyaHKape HHOTAa TaKXKe HA3HBAOT HEOJHOPOAHBIM Ipeobpasosa-
uneM Jlopenua,
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CTPaHCTBA U UMETb JIOYI0 CKOPOCTb, OJHAKO ero OOpoBcKas opbu-
Ta siBHO He MorJa Obl MMeTb NPOH3BOJBHYIO opHeHTauuo. Hefict-
BHUTENBHO, €CIH Obl 3TO OBLIO BO3MOXHBIM, TO &TOM BOAOpOXA, pac-
M0JIOKEHHBIH B LaHHOH TOYKe NPOCTPAHCTBA M HAXOASINUHCH B CO-
CTOSIHUK TOKOsfl, MOT Obl (BOIpeKH BCeH Hallell HHTYHIMH, BCEMY
ONBITY M HYyJeBOH 3HTPONHH BHYTPEHHErO JBMIMKEHHS) HAXOAHThCS
B OeCKOHEUHO MHOTHX pa3jHYHHX cocTosiHusiXx. Hesenocts nomo6-
HOro BBHIBOJA OIIYyIaJiaCh BCEMH 3aA0JT0 A0 CO3/JaHHUsT KBAHTOBOH
MeXaHHKH.

Kak pasperyaetr 3To NpPOTHBOpeure KBaHToBasi MexaHuka? Koap
CKOpO COCTOSIHME ABHIKEHHS aTOMa BOLOPOJAA H3BECTHO, MBI BOOOIIe
[I0JHOCTBIO 3HaeM ero cocTosiHHe. OTciofa chaeilyeT, YTO aTOM BO-
nopona (mo KpafiHe#l Mepe, ecJU OTBJEUbCS OT CIHMHA) cepHUECKH
cuMMeTpuueH. BosHHKaeT Bompoc: Bce JIM COCTOSHHS aToMa BOJO-
pona chepuueckn cuMMeTpHuHBI? OueBHIHO, He BCe: KOMOHHaLHA
NPOTOH — 3JAEKTPOH AOJKHA 06JjafaTh CcepHuecKH HECHMMETpPHU-
HBIMH cocTOsTHUAMHU. ITOCKONbKY BCe TakHe COCTOSIHHSA, TaK e Kak
B KJaCCHYeCKOH TeODHMH, MOXKHO [OJABEepPrHYTb BPALIEHUSM, MBI MO-
JgydaeM OecKOHEUYHO MHOT'O COCTOSIHHH, CBSI3aHHBIX C BBICOKOJIEXKA-
UMK BO36YKIEHHBIMU COCTOSIHUAMU atoMa Boaopoia. OfHako Bce
Takde COCTOSIHUSl NpeACTaBUMBI (H 3TO OOCTOATENbCTBO HMEET pe-
wampuiee 3HavyeHHe) B BHIE JUHENHBIX CYIEPNO3HIHH KOHEYHOro
yncaa cocrosgHuil. CyllecTBeHHO 37ech TO, YTO B KBAHTOBOH Mexa-
Huke (PH3NYECKOE =~ COCTOSIHHE — peasbHOE COCTOAHHE CHCTeMbl —
omnpejeseTcsl He IOJNOXKEHHEM M CKOPOCTSMH, 2 BEKTOPOM B T'HJb-
GeproBoM mpocTpaHcTBe !). DKBHBAJEHTHOCTb BCeX HaNpaBJeHUN
B KBaHTOBOH TEOPHH, TaK XKe KaK H B KJAaCCHUCCKOH, O3HaYaeT Cy-
IleCTBOBaHHe BCEX COCTOSIHHMH, NOJyYaloUHuXcsi W3 J10060ro 3amaH-
HOro coCTOsIHHSI MpH BpanieHusax. OJHAKO B OTIHYHE OT KJjaccHye-
CKOIl B KBAHTOBOIl TEOPHH UCTODHS Ha 3TOM He 3aKaHUUBaercs: B
nocaejHed BCe COCTOSIHUSI, MOJYHAIOUIHeCs TIpU BpalleHHH H3
KaKOro-TO OJHOTO COCTOSIHHSI, MOXKHO TIPEJCTABUTb B BHIe JHHEH-
HBIX KOMOGHHAIIMH HEKOTOPLIX GA3UCHBIX COCTOSIHHMH, B KJAaCCHYECKOH
e TeOpUH JIHHEHHOH CyINeplo3HUMH COCTOAHHH He CYLIecTBYeT.
CocTosHHA B KBAHTOBOH TEOPHUH — 3TO BEKTODH B JHHEHHOM Hpo-
crpancTBe. B KiaccHueckod TeOpHM TaKoe YTBepkKJeHHe ObLIO Ol
npocto HeBepHO. Mbl He MoOXeM B35ITb CyMMy IBYX COCTOSIHHUH
KJ1aCCHYECKOH CHCTEMBI, HO HHUYTO He MellaeT HaM CAeJaTb 3TO AJA
KBAHTOBHIX cocTosHui. DoJsiee TOro, BEKTOp COCTOAHHS, PAaBHBIN
cymMMe JABYX ADPYTHX BeKTOPOB COCTOSIHHA, B JEHCTBHTENBLHOCTH He
omnpejiesisieT HOBOTO COCTOSIHHA: OMHCHIBAEMO€ HM COCTOSIHHE ¢ Be-
POATHOCTBIO !/p ABNSIETCS NEPBBIM H C BEPOATHOCTBIO !/ — BTOpBIM
cocroanuem. Tak o6CTOMT HAeso Mo KpafiHell Mepe B TOM cjyuae,

1) Heie 57107 akT 0O6lIeH3BEeCTeH, OJHAKO BHepBble OH ObLI TOuHO copMmy-
nuposal ¢on Heiimanowm [17].
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ecii BEKTOPH COCTOSIHHS, [JIss KOTOPBIX MBI HIleM CYMMY, OpTOro-
HaJbHbl. Ecin Ke OHH He OpTOrOHAJbHBI, TG WX HeJb3 CUYHTATh
CoBepLIeHHO paaiuuyHbIMH. OTCIOfa, B YAaCTHOCTH, CJIefyeT, YTO MPH
BbIUMCJAEHHH SHTPONHMU HeoOGXOAMMO VYHTHIBATH JIHLIL COCTOSTHHSA
C OPTOrOHAJIBHLIMH BEKTOPaMH COCTOSIHHS.

Ipexpe uyem chopMynHpoBaTh MaTeMaTHUeCKHe IpOBJEMEBI, K
KOTOPBIM NPHBOJHMT JHHEHAHOCTH BEKTOPOB COCTOSIHHA, s XOTea Ol
HECKOJIBKO JIOTNOJIHKHTL HAPHCOBAHHYWO Bhilite xaptuuy. Jlo cux nop
Mbl pACCMATPHBAJH JHIIb COCTOSIHHA, MOJYYAIIIHeCs H3 HEKOTO-
poro cocrosiHusl TIpH BpallleHHsXx. Urto mpousoiizer, ecnn Mbl 6yaeM
epeBOAUTh APYr B JIPYyra COCTOSHHSA ¢ Pa3/JIHUHBIMH CKOPOCTAMH?P
Ilycts aToM BOZOpOAa HaXoAMTCA CHayada B COCTOSIHHM IIOKOSI, &
3aTeM JBUXKETCs C Pas3IHYHBIMH CKOPOCTSAMH. /13 MHBapHAHTHOCTH
OTHOCHTE/bHO IipeoGpasoBannil Iaawmes wuau Ilyankape cienyer,
YTO €eCJIH CHCTEMA CYHIECTBYET B COCTOSIHHM IT0KOS, TO €€ MOXKHO
NPUBECTH B COCTOSIHHE PABHOMEPHOrO MPSMOJUHEHHOro JABHIXKEHUS
¢ J100d CcKopocthlo H B Ji00oM Hampasgaerud. CylliecTBOBaHHE
OJIHOrO 3aJaHHOTO COCTOStHHS BHOBb BBIHYXKJaeT Hac, TaK Xe Kak
U B KJAaCCHUECKOH TeOpHH, NMOCTYJHPOBAThb CYIECTBOBaHHE OeckKo-
HeuHo GOJBLIOrO 4HCJAa APYLHX COCTOAHMH. BepHo sy, 4TO B KBaH-
TOBOH MexaHHKe 3TO OeCKOHEYHOEe MHOXKEeCTBO COCTOSIHUH HJIH,
TOUHee, MHOMKECTBO OTBEUAIOIIMX UM BEKTOPOB COCTOSIHHMH MOXKHO
NpefcTaBUTh B BUAE JNUHEHHBIX KOMOMHAUMW MeHbUIEro yucaa co-
CTOSTHUH?

OtBeT Ha 3TOT pa3 AOJXKeH ObITb OTpHUATe]bHBIM. [leficTBU-
TeJbHO, HJisg JIOOBIX ABYX COCTOSHHH C PasjiMyHBIMH CKOPOCTAMH
BEKTOPHL COCTOSIHU#I OpPTOrOHaAbHbl. C TOUKM 3peHUs (PU3UKM Tako#
pe3y/abTaT ecTecTBeH (IKCIIePHMEHTAJNbHO MBI MOXKeM OTJIHYaTh CO-
CTOSIHUSI C Pa3/JUUHBIMK CKOPOCTSIMH, HO HE MOXEM OTJHYaTh CO-
CTOSIHMSI C pasJqu4Holl opueHTanuefi op6utr). Tem He MeHee cTOJIb
CHJIBHOE pa3juyuHe MeXIy CJAeACTBMSIMH JABYX THIIOB NpeoGpasoBa-
HHH CUMMeTpHM — BpalleHHA B NMPOCTPAHCTBE H COOGCTBEHHBIX Tpe-
obpasoBauuit [anunea uaum JlopeHna — He MoXKeT He BBISHIBATDH
YAHBJIEHHS.

PaccMmorpuM HakoHell nocnefHu#t tun mnpeobpasosanuit [anu-
Jes: CIABUTH B IpocTpaHcTBe U BO BpeMeHH. C a1HMHU npeo6GpasoBa-
HUSIMH CHTyallHsl OYeHb NPOCTA: eCJH CKOPOCTb 3afaHa, To COCTOA-
HHe WHBAPHAHTHO OTHOCHTEIBHO CABHIOB. JTO MPAMOE CJEJCTBHE
COOTHOLIEHHS HeonpepeneHHocTH [eiisenbepra. Ecam TpeGyercs
MOJIYYUTh COCTOSIHHE, JOKaJHM30BaHHOE B ONpelesNeHHbIH MOMEHT
BpeMeHH B OKDECTHOCTH HEKOTOPOH TOUKH, HYXKHO HOCTPOHTH
CYHePHO3HLUUI0 COCTOSHHNA € PasiHUHBIMU CKOPOCTAMH - COCTOSHHUH,
KOTOPbIE, KaK Mbl TOJIBKO YTO Yy3HaJ/H, OPTOrojaJ/ibHBI APYr APYrY.

CkasaHHoe paHee Ha f3blKe, NPHUBLIYHOM HJsi PH3HKA, NOJE3HO
MOBTOPHUTDb, NpuOernys K TOYHOH MaTeMAaTHUYeCKOH TeDPMHHOJOrHH.
B Kaaccuueckofi MexaHHKe COCTOSIHHE CHCTEMLl ONpeaessercs



224 Jlonosnenue

NOJIOKEHHEM TOUKH B (a30BOM NpocTpaHcTBe. Ec/IM cHCTeMa COCTOUT
U3 OJHOH YACTHIEBI, TO ee ()a30BOe NMPOCTPAHCTBO IMECTHMEPHO: TPU
KOODAHHATbl OTBEYAMT MPOCTPAHCTBEHHLIM KOOPAHHATAM YaCTHILLI
U TpU-— KOMIIOHEHTaM ee CKopocTH. PasmepHccTh ¢asoBoro mnpo-
CTPaHCTBA CHCTeMBbl, COCTOfIlel M3 GOJabIIero yucjia YacTHL, COOT-
ercTBeHHo Ooaplie'). [IpeoOpasoBauuss [anunes u Ilyaukape —
9TO JHHEHHble HEOAHOPOAHLIE Npeofpas3oBaHHs B (a3oBOM HPOCT-
paHcTBe. B kBaHTOBOH MexXaHHUKE COCTOsIHHe JIOG0H CHCTEMbI
onpejefaercss BeKTOpoM B 0OeCKOHEUHOMEPHOM TUJbGEepTOBOM IIpO-
crpadcrBe. [leficTByolHe B 3TOM OpPOCTPaHCTBe NpeoGpasoBaHHS
CHMMETPHU JIMHeHHb, a (paKTHUECKH naxe yHHTapHHL. [loCKOJBKY
YHHTapHOe IpeoOpa3oBaHHe, OTBeUaloHlee MPOU3BEJEHHIO ABYX Mpe-
o6pasoBaHufl cuMMmerpuu (Ho KpailHe#l Mepe ¢ TOUHOCTbIO N0 He-
CYILECTBEHHOr0 MHOXKHTEJNA), COBNafaeT ¢ NPOH3BeIeHHEM YHHTap-
HBIX Npeobpa3oBaHUil, COOTBETCTBYWOLINX KaXKAOMY H3 COMHOMKHTE-
Jlefl, YHUTapHble NpeoOpasoBaHus, AeHCTBylide B T'HJILGEPTOBOM
NPOCTPAHCTBE COCTOSIHUH, 06pasyloT (Mo KpaiiHelt Mepe ¢ Tou-
HOCTBIO [0 MHOMKMTeJS!) YHUTApHOe IpeACTaRJeHHe TPYNIBL CHM-
MeTpHH. B HepeTUBHCTCKHX TEOPHSX I'PYIIION CHMMETPHH CJYXKHT
rpynna I'anunest, B pensituBHCTCKUX — rpynna Ilyankape. Hekoto-
pble BHCIUHHE BO3AEHCTBHUSI HMHOTAA INOHUKAIOT MOJHYIO FPpynmy
CHMMETPHH NPOCTPAHCTBA-BpeMeHH [0 Kako#-HMUGYAb U3 NOArpyin
Ha3BaHHBIX I'PyNN. Tak, OPH JABHXKEHHH 3JIEKTPOHOB B KpHCTaJJje
rpylna CHMMeTpPHH coBHajgaer ¢ oAHOH u3 230 npocTpaHCTBEHHBIX
rpyHIm.

Peakoe pasnnune MeXIy KJIacCHYECKHMH H KBAHTOBBIMU Npeol-
Pa30BaHUSIMH CHMMeTPHU OOBSICHeTCS OTHIOAb He pasjandueM
MeXJy JHHeHHBIMM HEOLHOPOAHBIMH TNpeobpasvBaHUsIMM, C OJHOH
CTODOHBl, ¥ YHHTAapHBHIMHM TpeofpasoBaHuamu — ¢ Apyroil. Croab
CHJIbHOE pasjHune o0ycJOBJIEHO MpeXkAe BCEro TeM, YTO B KJaccCH-
YecKoll Teopuu npeobpasoBaHHe CHMMETPHU BCErJAa OAHO H TO XKe
WM, TOUHee, 3aBHCHT JIHIUbL OT YHCJ4 Y4ACTHU, KOOPAMHATBI M CKO-
POCTH KOTOpPHIX Mul NpeobpasdyeM. B xBaHTOBOH XKe Teopuu mpeod-
pasoBaHHs cHMMeTpUH (yHMTapHBIE NpeACTaBJEHHS TIDYIIBl CHM:
MeTPHH) AJS PasHBIX CHCTEM DAa3JMYyHbH M ONpeleAsloT MHOTHE
cBOiCcTBa cHcTeMBl. KpoMe TOro, cjaoxkeHHe OBYX COCTOSIHHH, He
HMeIolee CMBICIA B KJACCHUECKOH TeOpHH, oOpetaer CMLICA B KBaH-
TOBOH TeopHH. [IpoCcTpaHCTBO COCTOAHHH KBAaHTOBOH TEOPHUH — e€
ruNbGEPTOBO MPOCTPAHCTBO — ABMAAETCA JHHeHHBIM B TNOAJHHHOM
CMBICJIE TOTO CJI0BA!

[lepBblil U3 NPUBEJEHHLIX BHIIIE APTYMEHTQB BO MHOI'OM OGBSC-
HsAeT HHTepec, NPosiBJAseEMbii QU3HKAMH K YHUTAPHBIM Mpeacrasjie:
nuaM. Kak nokasan Baprman [18], yuutapHbie npeacrasieHus

1) «®Da3opoe npoCTPAHCTBO» KAK MaTeMaTHURCKOe MOHATHe BnepBble BBed
ru66e [3].



18. MMpunyunot cummeTpuy @ CTapoil U HOBOL (usuxe 225

rpynnel [anunies B HeABHOM BHOe HCIOJIb30BaJiHCh €llle B TEOPHHU
Hlpenunrepa. YuurapHele npeiacrapaenust rpynnsl Ilyadkape Gblian
HafileHsl B KoHue 30-X rojoB. 3a WCKIOUEHHEM TPUBHAJBHOTO
npeicTaBJeHHs, BCe OHH OKasaJucb OecKoHeunHoMepHbMu')., du-
3HMYeCKH TaKO# pe3yspTaT 3KBHBAJEHTEH YTBEPKAEHHIO O TOM, UTO
cucTeMa He MOXKeT OblThb PEeJATHBUCTCKH HHBAPHAHTHOM, €Ciu OHA
He ofOsapaerT OeCKOHeUHbIM HabOpOM OPTOrGHAJbLHBIX COCTOSTHUH.
OO6paTuB BHHMaHHe Ha CBOHNCTBA YHHTApHBIX [peiCTaB/jeHHll He-
KOMNaKTHBIX rpynn JIv, QU3UKK CTHMYJUPOBAAH HHTEpeC MaTeMa-
THKOB K 3TOH obsacTtH. B HacTosiujee BpeMsi MaTeMaTHKH HaMHOTO
o60rHa/MHu (H3UKOB B M3YYEHHH YHHUTADHBIX IpefCTaBJeHHA HEKOM-
nakTHeix rpynn JIu, u pasoGpatbes B pesyabratax lenbdanpa,
Hatimapka, Xapuw-Yanapsl # MHOTHX APYTHX aBTOPOB OTHIOAb He
JIeTK0?) .

POJIb TPYIIIIbl BPAILEHUM B TPEXMEPHOM ITPOCTPAHCTBE

O6partuMcsi  Temepb K BOMNPOCY, KOTOPBIH Mbl VKe 3a4aBaJiu
paHee: moueMy BpalleHHMss W coGcTBeHHble NpecGpaszoBanus [anau-
gesd uiau JlopeHua OKasbIBalOT CTOJMb pas3JHyHble AEHCTBUSI HA CO-
cTOSIHUA? MOXKHO cKasaTb, UTO NMOJHASA TPyNna CUMMETPHH COCTOUT
13 3JIEMEHTOB TpeX THMOB: CABHUIOB, IOBOPOTOB ¥ COGCTBEHHBIX Mpe-
o6pasoBanuii Ianunes uau Jlopenuna. PaccmorpeB MuHHMAaJbHbIE
NOANPOCTPAHCTBA, HHBAPHUAHTHbIE OTHOCHTEABHO CABHIOB, T. €.TMOA-
npocTpaHcTBa B NMPOCTPAHCTBe MpeACTaB/eHHs, o0pa3yloliue 6a3uc
HeNPHBOJAHUMOro INpeACTaB/JeHHa MNOATPYINbl CABHIOB, Mbl OGHapy-
JKHM, 4TO OJIHO M3 TaKHUX IMOJNDPOCTPAHCTB OCTAETCH MHBAPHAHTHBIM
npu BpauleHusx. ¥ (HU3HKAa NOJOOHLIE pe3ysikTaT He Bbi3bIBAeT
yIUBJEHHs: TOANPOCTPAHCTBO, O KOTOPOM HIeT peub, COAEPIMKHT
BEKTOPLI COCTOAHHMSA, COOTBETCTBYIOLHE MOKOoslelcsa cucTeme. [lefi-
CTBHTEJBHO, Iepe6paB HenpHBOJAMMble [MpeACTaB/eHHS MOJHOH
rpynnbl CHMMeTpPHH, Mbl yb6eguMcsi, YTO BpalleHHS HHAYLUUPVIOT B
HHTepecyloUleM Hac IOAMNPOCTPAHCTBE HEKOE HEMPUBOAUMOE Mpej-
crasjeHue rpynnsl BpatieHud. C APYrofl CTOPOHB, COOGCTBEHHOE
npeo6pasoBanue [anunes uan JlopeHua MNepeBOAUT Kaxioe MHU-
HHMaJIbHOE MOANPOCTPAHCTBO, HHBAPUAHTHOEC OTHOCHTE/AbHO CABHTOB,

'} Bnepsbie 310 6bI0 nokKaszalo astopoM [19].

?) Tenbdpanny, HaliMapk H HX COTPYAHHKH ONMyGJAHKOBAJH YPe3BLIYANHO MHOrO
pa6or. C moeft TOuku 3peHusi, HauGoiblllero BHHMAHUS 3aCayXKHBaer KHura Ienb-
¢dauna u np. [20], paGoret Hailimapxa [21] u Feasdanna u Haiimapka [22]. Cu. Tak-
e CTaThM ITHX aBTOPOB, OMyGNHMKOBaHHbie B «YCMeXax MaTeM. Hayk» u «Tpyaax
Mock. mareM. o61ecTBa».

Crartelt Xapum-Yasapsl Tak MHOTO, 4TO HX TPYAHO TOJHOCTbIO (1€PEUHC/IHTD,
Kuury, B KoTopo#i Gbl M3Jarajiich ero pes3yabTaThl, 10 cuXx nop HeT. Cm. paniue
crarbi Xapum-YHauapot [23]. Cpenn ero nmocaeannx paboT MHe XOTeqoch Obl OTME-
THTL cTaThH [24, 25).
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B TOANPOCTPAHCTBO TOH K€ PAa3MEepPHOCTH, OPTOroOHaJIbHOE HCXO[-
HOMY MNOANpOCTparcTBy cocrosaHHH. Takum obOpasom, Irepexoi oOT
COCTOSIHMHA C OAHOH CKOPOCTBIO K COCTOSIHMAM C APYroH CKOPOCTLIO
OKa3blBaeT Ha MHHMMaJbHble MOANPOCTPAHCTBA, HHBAPHAHTHHE OT-
HOCHTe/IbHO CIBHTOB, TaKoe ke AeHcTBHe, Kak U J1060e APyroe npe-
06pa3oBaHue B KJacCHUECKOH TEOPHH, a UMEHHO: co3/aeT COBeplIeH-
HO HOBOe cocTosinue. [losTomy npeofpasopanud, nepeBOAsilife CO-
CTOAIHHSA C OJHOM CKOPOCTBIO B COCTOSIHHSI C APYTO#l CKOPOCTHIO, B
KaKOM-TO CMbIC/ie TpUBHaJAbHLL. IIpeo6pa3oBanns e, COOTBETCTBYIO-
LiMe BPaUleHUuAM, B BbiCHIeH CTelleHH HETPHUBHAJbHLI: B PaccMaTpH-
BaeMOM HaMM MOANPOCTPAHCTBE OHHW HOPOXKAAKT HENPHBOAUMOE
npeAcTanjieHde rpynnsl Bpamlenui. Orcioga cjaeiyer, YTO HeNPHBO-
A¥Mble NPEACTABJCHHUS NOJHON CPYIIIBI CHMMETPUH XapaKTepH3YIOT-
cA TeM, Kak BeflleT ceOsl MOA AeHCTBHEM CABHIOB H BpallleHHH HeEKO-
TOpOe BHIAE/IEHHOE MHHHUMaJbHOE MNOANPOCTpaHcTBo. Mbl moapo6HO
OCTAHOBHJIHCh Ha 3TOM BOIpOce, YTOOB OOBICHHTDL, noueMy (H3HKH
NUTAOT CTOJb OGOJBLIOH HHTepec K Tpylle BpailleHHH B TpexMmep-
HOM npoctpaHcrBe. MHTepec 3TOT BrMo/JIHe MOHATEH: B OCHOBE €TO
JeXUT O6LHUA npHHUUN HHBapuHaHTHOCTH Ilyankape uam [anuses.

PaccmoTpim Tenepp HeNpHBOAKWMOE NPEACTABIEHHE TPYININb Bpa-
LIeHUH WK Kakoi-iu6o Apyrofl rpynmnbt. Ecan MBl 3axoTum «moury-
naTh ero CBOHMH pyKaM#», TO caeaaTb 3TO Jyuiie BCEro ¢ Mo-
MOIWUBI0 KAaKOH-HUOGYAb CHCTEMBI KOOPAMHAT B TPOCTpAHCTBE Mpef-
crapjenusi. EcTecTBeHHee BCero omnpeaeuTh MOCAeI0BATEIbHOCTD
noarpynn G, G, Gn_g, ..., (;, 061a0a0YIO CIeIYIOUIUM CBOH-
CTBOM: KayXK[AblH 4JeH [OC/IeJOBaTeJNbHOCTH fABJASETCS MaKCHMaJb-
HOH NOArPYNNOA B NpeAblAylleM UJjeHe, a (| COCTOHT JHIIb H3
eIHHUYHOTO 3JeMeHTa. BBelleM HeKoTopble NpeAnonoxeHus. Bynem
CUMTATh, UTO TpeolpaszoBanHusa rpynnsl G, cayxaiuide OIHOBPEMEH-
HO 3JjeMeHTaMH noArpynnel G,_; H o6pasywllle TNpelcTaBjAeHHE
9TOH HOArpyNIbl, COAEP:KAT HENMPUBOAMMbIE NDEACTABJAEHUS IOJ-
rpynnel  (Gn,—; ¢ KpaTHOCTbIO, He mpesbimatouied 1, Kpome Toro,
NPeANosoKUM, UTO aHaJOrHYHOe YyTBeDXKIAEHUE CNpaBeAIUBO IJs
orpaHuyeHus Jw06oro HeNPHBOAMMOrO MpPEACTABR/JAEHUS Kaxao# H3
rpynn G, Ha noarpynny Gp—;. Toraa B mpocTpaidcTBe mpeacraBJe-
Hug rpynosl G MOXHO OZHO3HAYHO 3aaTb HalpaB/eHue, ykasas
HelpUBOAHMbIe NpeictaBaeHus rpynn Gy, Gs, ..., G,—y, B 0Opo-
CTPaHCTBe INpeJCcTaBJeHHHA KOTOPBIX 3TO HAampaBJeHHe COLepIKHTCS.
Tem caMblM Mbl [OJAYYa€M BO3MOXKHOCTb MOCTPOHTh E€XMHHUYHBIH
BEKTOD B YKasaHHOM Hamnpas/ieHHH. COBOKYMHOCTb TAKHX €LHHHU-
HbIX BeKTOpOB ofpa3yeT 6a3uC B NPOCTPAHCTBE NPEACTABIEHHI: eIu-
HHYHble BEKTOPBI MONAapHO OPTOrOHaNbLHH H 00PA3YIOT B HCXOAHOM
NpOCTPAHCTBE HENPHBOAUMOrO MNpejcTaBjeHHs rpynnel G MOJMHYIO
cucTeMmy.

[Tosicuum cxkasaHHoe Ha mpumepe. B kauectse G BbiGepem cuMm-
MeTpHUYecKylo rpymnny S,, o0pa3soBaHHYIO BCEMH MepeCcTaHOBKaMH
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u3 n cumBosos. Ilyctb S,p_i, Sp-e, ..., S;— uemouka NOArpymnm,
ofsajaomas yKa3aHHBIMH Bblllle CBOMCTBAMH, NpuHueM S,_p O3Ha-
YyaeT CHMMETPHYECKVIO Ipynny, MepecTaHOBKH KCOTOPOH OCTaBJfAoT
nocsiefHHe k CHMBOJIOB Ha MecTe. Toraa M3 KJacCHYECKHX TEOpHi
IOura [26, 27] u ®pobeunyca [28]') caemyer, uTo HENPHBOILHMbIC
npeAcTaBJeHus] MOATPYNNbl Sy.p—1 BXOAAT B OTpaHUuYeHHe JI0OOro
HeMPHUBOAHMOr0O MpefacTaBsienus S,_, Ha MOArpynmy S,_p—; CKpar-
HOCTbIO, He npesbimawouieit 1. CrepoBarebHo, Mbl MOMXKEM 3a1aTh
BEKTOpP B NPOCTPAHCTBe NpeiacTaBaeHus 3+2 rpynnel Ss, ykasas,
YTO OH NPUHALIEKHT NPOCTPAHCTBY MNpejacTarsienus 3+ 1 rpynmw
S4, npocTpaHcTBY npeiactasiedus 241 rpynnel S; ¥ IPOCTPaHCTBY
ApeAcTaBjaeHusi 2 rpynmel S,. B cayuae rpyminl BpailieHH#l B Tpex-
MEpPHOM INpOCTpAaHCTBE lenouyka Noarpynn momumo O(3) comepXur
quie rpynmny O(2) [u, koneyno, O(1)]. I'pynmna O(2) cocrout us
BpalilleHH#, OCTABJAFIOIIUX HHBADHAHTHOH OCh 2, T. €. U3 BpalleHUu
BOKpPYr ocu 2. Tako# BHIGOD «KOOpAMHAT» MNPHBOAHT K OOLIYHOM
(hopMe HenpUBOAUMBIX npeacTtasjeHuit rpynms O (3).

B 3axmioueHne s xoren Obl YIOMSHYTH O HOBOM MaTeMaTHYe-
CKOM pe3ysabTaTe, OTHOCHAIIEMCH K 3aTPOHYTOH HaMH TeMme ?),
H uMelo B BuAYy HeoOXOAMMOE M IOCTATOYHOE YCJIOBHE, AJS TOrO
yroGBl MOArpynna obgafana paccMOTpPeHHBIM Bbllle CBOHCTBOM:
OrpaHHYeHHe MPEACTABJCHUA BCell TrPyNnbl Ha 3Ty HOArPYNNy. He
cojepxano Gbl TPEACTaBJACHHH 3TOH MOArPYRNLL C KPartHOCTBIO,
Gosbmed 1 (yka3aHHBIM CBOMCTBOM AOJIKHBI 06J214Th BCe HENpH-
BOJAMMBIE [IpeJCTaBJeHHs MogaHoll rpynnel). Yrobsl chopmymupo-
BaTh MNpPUBEJEHHOE BbIIE YCJIOBHE, TOJE3HO BBECTH TOHATHE nod-
kaacca. {lonkaaccoM HasblBaeTCAd COBOKYIHOCTH 3/JEMEHTOB [PyI-
Mbl, TpaHC(OPMHUPYEMBLIX APYr B Jpyra 3JeMeHTAMH HOArPYIHILL.
$IcHO, UTO MpOH3BeJeHHE JBYX IMOJKJIACCOB COAEPKUT JHIIL HOJHbIE
MOJK/AACCH H 4TO OOBIUHBIE KJACChl COMPSIKEHHBIX 3JEMEHTOB CO-
NepXaTt OMH, ABa WM GoJabllee YHCAO NMoAKiaccos. He croab oue-
BHJHO, KOMMYTUPYIOT Jiii TIOAKJacChl (OOLIYHLIC KJACCH COMPSXKEH-
HBIX 3/JeMeHTOB KoMMyTHpyioT). Ecau moaksaccel KOMMYTHpYIOT,
TO COOTBETCTByIOILAS MOArpynna obaajnaer HITEpPecyIoIiUM Hac
cBoficteoM. B atom cocrout HeoOxonumoe ycaosue. HerpynHo su-
1eTb, 4TO MOJKIACCH KOMMYTHPYIOT, CCJIH KayKAbIH M3 HHX cOBIa-
naer ¢ o6patHhiM cebe. Jlerko mokasaTb, YTO MOJAKJACCH T'PYMMH
S, OTHOCHTEJNBHO MOArpymmbl S,_; 3THM CBOGHCTBOM 06/agaloT.
Taxkum oGpasom, K pesyjabraty, ciaenyiouieMy #3 Teopuil IOura u
®pobenuyca, MOXKHO HPHHTH ¥ APYTHM IYTEM.

[lpu pelleHuH KOHKPETHBLIX 3a74ay BHIOOD TOH HJIM HHOH Gopmbi
HeNpPUBOJAUMBIX TIPEJCTaBAeHUHA TPeXMEepHOM TIpyNibl - BpalleHuid

) Cwm. takxe paGory [29] u Gonee «duanueckyws crathio Koyiamena g cGop-
nvke [30].
2) CM. crathio aBropa B cGopruxe [31].
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N03BOJIAIET CYLIECTBEHHO YIPOCTUTh BbluHCAeHHs. KBaapaThl maTpuu-
HbIX 3JIEMEHTOB [ONYCKAIOT HPOCTYIO, XOTA H C TPYyAOM MOALAI0-
LYIOCS 3KCIIEPUMEHTAJIbHOH NpOBEpKe HHTePHPETALHIO: OHH yKa3hi-
BAlOT BEPOSITHOCTb TOTO, YTO YaCTHLA C ONpejeleHHOH KOMITOHEHTOR
yrJ0BOrO MOMEHTA B OJHOM HanpasJ/jeHHH OyAeT HMeTb HeKoe 3Ha-
YyeHHe KOMIIOHEHTHl YIJOBOIO MOMEHTa B JAPYroM HanpasJ/eHHH.
BoJiee mIMpOKyl H3BECTHOCTb MOJYYHJIH H MOATBepKAeHbl OGIUHP-
HBIM 3KCMEPUMeHTAAbHBLIM MaTepuasoM npasuia Xenas—Kponura,
MO3BOJAIOHE BHIUUCAUTD OTHOIUIEHHE MHTEHCHBHOCTeH IepeXxonos
MeXAYy MOAYpPOBHAMH, HA KOTOPblE pACLIENsAIOTCs B MarHHTHOM
nose nBa ypoBHs [32—35]. B atom cayuae caenyer BelOHpaTh MOA-
rpynny O(2) (HanpasJeHHe MarHHTHOrO TOJS JOJKHO OCTABAaThCH
MHBAPUAHTHBIM IPU BpaLICHUAX).

PA3JIOJKEHHE KPOHEKEPOBCKOTI'O TTPOM3BE/EHUSA
) MMPEACTABJIEHUM

Konkpertubli Bb6Op (OPMbl HENPHBOAHMBIX IIPEICTaBJAeHHHl BO
MHOroM ofJeruaerT M pelleHHe TON 3ajauH, K KOTOpPo#l MBI ceffuac
nepeiieM: pas3soKeHHe KDPOHEKEPOBCKOTO NPOH3BefeHHsT MpeicTaB-
AeHUll Ha HeNpUBOJHMble NMpeAcTaBaeHHs. ITa 3ajaya BCTpeyaeTcs
upe3BLIYAFIHO UACTO, H NEPeUHC/JUTb BCE ee MPUMEHEeHHsT OblIo Obl
Tpyano. ®Puandecko#t ocHOBOR OOABHIMHCTBA TNPHUAOKEHUH CAYXKHT
MpaBUJIO [OJYYeHHS BEKTOPA COCTOSIHMSA COCTABHOH CHCTEMBI, BKJIIO-
yapoued B ceGs JABe TMOACHCTEMBI: HCKOMbBIH BEKTOP COCTOSIHHS
onpeneseTcss B TUILGEPTOBOM MNPOCTPAHCTBE, KOTOPOE HABJACTCH
npsiMbIM NPOH3BeleHHeM (MHOTZA ero TaKXKe Ha3BIBAIOT KPOHEKe-
POBCKHM TNPOH3BeJeHHEeM) THJIbOEPTOBHIX MPOCTPAHCTB MOACHCTEM,
a caM BeKTOp COCTOfIHHSI €CTh He UTO HHOE, KaK KpPOHEKePOBCKOe
Npou3BefeHHE BEKTOPOB COCTOsIHHE noicuctem !). CaexosaTesbHo,
eC/IH [Be CHCTeMbl OOpasylT elHHoe LeJaoe, UPHYeM Kaxkaas H3
HMX HAXOJIHTCA B COCTOSIHHH, KOTODOMY OTBeYaeT BeKTOp OGasHca
HePHBOAUMOr0 MNpeAcTaBjeHHs1 (He 00f3aTeqbHO OAHOTO M TOroO
Xe), TO BEKTOp COCTOSIHHSA Bcell cHUCcTeMbl OYleT jexaTb B NPOCT-
paHcTBe, ABJAIOLIEMCS KDOHEKEPOBCKHM IPOHM3BeleHHEM MpPOCT-
pPaHCTB ABYX HENPUBOAMMBIX MpeicTaBieHuil. AnasoruuHoe yTBepxK-
JeHHe NPUMEHHMO H K C/1yualo, KOT/Ja COCTAaBHAas CHCTEMA BKJIOYAaeT
B ceGs TpPH WM OGosblliee 4HcaO (H3MYECKHX NoacucteM. [lepsuiit
BOMPOC, KOTOPLI BO3HHKART 3[eChb ¢ TOYKU 3DEHUS TEOpUU Npef-
CTaBJ/IeHHH, 3aKJII0UaeTcss B CJAEAYIOUIEM: KAaKHM 0Gpa3oM MnpsiMoe
Mpou3BeleHHe MNPOCTPAHCTB MOXKHO Pa3/oXHTb Ha MOANPOCTPaH-
CTBa, KaxJI0€ H3 KOTOPBIX MPHHANJIECKHT HENPHUBOAUMOMY Mpel-

1) TlousiTHe KPOHEKEPOBCKOTO MPOU3BELEHHs GbUIO HEABHO HCMOAb3OBAHO MpH
OMHCaHNH (DU3MUECKOH CHCTeMBbl, COCTOsIllel H3 NBYX NOACHCTeM, eliie B pa6orax
Ipenusnrepa (cMm., nanpuMep, [36]). B #BHOM ¥ TOYROM BHAe 3TO NOHATHe cHOp-
myanposada ¢on Hedman [17]. . .
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CTaBJ/IEHHIO, H YTO 3a HeNMpHBOJAUMble MpeACTABJEHHA NPH 3TOM
BO3HHKHYT?

ITo-Buanmomy, GyneT Mmoae3Ho HaMeTHTb 34ech OOILUME XOJ pac-
CYXKJeHHH, MO3BOJIMBUIMHA AaTb OTBeT Ha 3TH Bompock. HaubGosee
Ba*KHOH TPyNNOH, K KOTOPOH MOMKHO NPHMEHSITb H3JaraeMble HHXKe
coobpaxeHusi (M K KOTOPOH OHH B AeHCTBHUTENLHOCTH OBLIH IMPH-
MeHeHbl), U Ha 3TOT pa3 gaBasierca rpymna O(3). Kro-to ckasad,
4TO B OTJHYME OT MaTeMaTHKa (DH3UK KHUBeT B TPeXMepHOM Ipo-
CTPAHCTBE He TOJNbKO (PHU3UUECKH, HO U «MbicaeHHo». 'pynna O(3)
aM6uBaJeHTHa, T. €. BCE ee KAacChl COMPSIZKEHHLIX 3JEMEHTOB COB-
najzaioT ¢ o6paTHbIMH KJgaccaMu. B cuay sroro Bce ee xapakTephl
BelleCTBeHHbl. B nanbHedlieM Mbl Oy/leM npeanosarartbh, 4TO BCE
BCTpeYaIiuecss HaM XapakKTepbl BelleCTBEHHbI, MOCKOJIbKY BBeJe-
HHe KOMIJIEKCHBIX XapaKTePOB [PHUBOAHT JIHIWb K HE3HAUHTENbHBIM
veaoxkHeHHaM Teopuu. Ipynna Ilyankape rtakike aM0uBaJieHTHA, HO
HEKOTOphle M3 YIIOMHHAEMbIX jJaJjee Ipyni HeaMOHBaJNEHTHHI.

Ecnu xapakrtepnl mpeacraBieHHH paBHbl ¥, x®), @, .. . T0
XdpakTep HX MPsMOro NPOH3BEAEHHUS paBeH
E(r) =+ () y® )y () ..., (1)

1 KpaTHOCTb, ¢ KOTOpO# %) BXOAHT B NpEACTaBJCHHe ¢ XapakxTe-
pom Z, paBHa

Ny=t"" [EOx® @O dr=h"" [ x@()xO () ... k() dr,  (la)

rae A — ageMeHT o0BeMa TPYNIB, eCId MOCIEAHssT KOMMAKTHA,
Ecau rpynnma KoHeuyHa, To h — mopsjox rpynnsl. Beanuuna r o3Ha-
yaer 3JeMeHT Tpynmbl, a [ dr — MHBapHAHTHOE MHTErPHPOBAHHE
no rpymmne s KOMNAKTHBHIX I'PYNN H CYMMHPOBAaHHE MO BCeM 3Je-
MEHTaM Tpynnbl a5 KoHeuHHX rpymm. O6o6lleHue nocaefHel hop-
MyJabl Ha CAyvali HEeKOMOAKTHBIX TPYNN npejcrasisier cobof HH-
TepecHY0 npobaeMy. B pemieHuu ee, HaCKOJbKO H3BECTHO, JOCTHI-
HyTHl GOJIbIIKE YCIEXH, HO CUHTATh €€ MOJHOCTBIO peLIeHHOH MOoKa
ellle HeJb3s.

Cnenyer 3saMeTuTh, UTO B BbipaxeHue ajas N, Bce COMHOMXKUTENH
BxoasT cuMmerpuuno. O6o3znauyum ux uepes (a, b, ..., v). Haa
cayuasi, KOrka HMEETCS BCEro TPH COMHOMXHTENS, T. e. paccMaTpH-
BaeTcsl pasJoxeHHe KPOHEKEPOBCKOTO MNPOH3BENEHHS JBYX MNpes-
CTaBJIEHHH, 3TO 03HAYAeT, YTO NPOU3BENCHHE @ H b COAEPXKHUT ¢ C
TAKHM XKe KO3DQUIHEHTOM, ¢ KaKuM b BXOLUT B KPOHEKepOBCKOE
NpoH3BefleHHe 4 H ¢ HJIH 4 — B KPOHEKepOBCKOe IpOH3BeleHHe
buc :

B cayuae Tpex coMHoXuTesefi BbhluucaeHue N, Kak MpaBusio, He
BbI3BIBAET HUKAaKUX 3aTpyAHeHufl. B mpuHuune sbluncienuss N Jo-
CTAaTOYHO [Jf1 TOrOo, YTOGBI Pa3JIOKHUTH KPOHEKEPOBCKOE MpPOH3-
BeJleHHE * JI060r0 4HC/Ia COMHOXHTesnel. CrnpaBefJHBOCThL 3TOTQ
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YTBEPXKAECHHUA CAE€AYeT U3 NTOJHOTbl CUCTEMbI XapakTepoB, NO3BOJAAIQ-
el UCNOJb30BATh COOTHOUIEHHE

%9 (r) %0 (r) = ; (@bv) x™ (r). (2)

[TogcraBuB ero B pasioKeHHe NPSMOrO NPOU3BENEHHS] TPEX COMHO-
KHTeJiel, MoJTyduM

(abed) = Y, (abv) [ 4 (r) 4 (r) 4 (r) dr = Y} (abv) (ved).  (3)

[Mocaennsas Gopmy/a HABOAMT HA MbICJAb BBECTH MaTPHUbLl Mx:
A
Mo = (cxef). 4)
Martpuubl M” CHMMETPHYHBL, @ HX 3J€MEHTAMM CAYXKAT Lejble He-

orpunarejpHble uucaa. CTpoku u  cTOAGIB  MaTpHIL M* or-

BEUAIOT HEMPUBOAMMBIM IpefcTaBjaeHusM. Bce martpuust M, kak
BH/JHO U3 BbipaxeHnua Aas (abcd), KOMMYTHPYIOT APYT ¢ APYTOM.
CrnpaBefjuBO TOXKAECTBO

(abe ... v)=(M"M® .. )4 (5)

[Mockoabky Matpuubl M B mpaBofl YaCTH MOKHO MEPecTaBisTh, Je-
BYIO 4acTh TOXKJecTBa (5) MOMKHO 3anucaTh B HECKOJIbKHX (op-
Max. Hu onHa u3 3tux ¢Gopm He MO3BOJISET MOJYYUTH MOJHYIO CHM-
METPHI0 OKOHYATEIbHOTO BBLIP&XKEHHS, MOITOMY HaNTH [OTJIHUHBIH
oT npasoil yactu ¢opmyJaet (la)] oOKH BuA JEeBOH YacTH TOKIE-
ctBa (Bb), KoTopblfi Obi1 6bl CHMMETPHYEH, — J€J0 OTHIOAb He JIer-
Koe.

Bo3MOXHOCTE  Pa3/IOKEHHA KPOHEKEPOBCKOTO MPOU3BEACHHS
ABYX TpejcTas/ieHuit, nanpumep D@ y D®) ya Kakue-to ompeje-
JIEHHble COMHOJKHTEIH He OTBEYAeT Ha IVIABHBII BOMPOC, MPEACTaB-
JSIOIIKA HHTepec AJAA (PH3HKA: KAK OCYIMEeCTBHTb CaMO pasfoxe-
Hue? PasnoXuTh KPOHEKEPOBCKOe INpOU3BejdeHHe NpeAcTaBaeHuf
Ha HEMpPUBOAMMLIE NpeACcTaBJeHHs — 3HAauuT npeobpasoBaTh npo-
H3BeJieHHe MPOCTPAHCTB NpeAcTaBieHuii D@ y D®) g npoctpancTBa
npejacTangeHHil HENPHBOAHUMBIX KOMIIOHEHT HX  KPOHEKEPOBCKOIO
npousBejcHus. Takoe pasjoxKeHue HEOJHOKDATHO BCTPeuYaeTcss B
APHUAOKEHHAX H OCOGEHHO MOAPOOHO HCCJAENOBAHO A5 TPEXMEPHON
TPYINEl BpallleHui.

Ilepsas mpoG/aema, ¢ KOTOPOf Mbl CTAJKHBAEMCsl MpPH pelIeHHH
3ajaud O DPAasJIOKEHHH, — 3TO E€JHHCTBEHHOCTh HCKOMOTO mHpeofpa-
sosanus. [locnenHsisi B CBOIO ouepelb 3aBHCUT OT €AUHCTBEHHOCTH
6asuCHBIX BEKTOPOB B ABYX NPOCTPAHCTBAX, KOTOPble HaM MNOpel-
cTouT mnpeoGpasoBath APYr B Apyra. Ecau GasucHble BeKTOpH B
D@ y D® onpepenensl 0JHO3HAUHO, Gasuc OPSMOro MPOH3BEAEHUA
THX [IBYX NPOCTPAHCTB Tak:kKe OAHO3HAUHo ompenened. MHaue of-
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CTOMT J€J0 B TOM CJyuae, ecju KaKoe-HUOYIb MpeacTaB/eHHe BXO-
IHT B KDOHEKEDOBCKOe IpOH3BeAeHHe mNpeicTasieduin D@ uy DO
C KpaTHOCTBIO, Gonbluell 1: Toraa yXe He BCAAKHI 0a3HCHBII BEKTOP
MPOCTPAHCTBA MNPOM3BEJEHHA MOMKHO IPOCTO OTOMKIAECTBUTH C Ka-
KHM-TO BIIOJIHe ONpEeJe/NeHHHIM Oa3HCHBIM BEKTOPOM HEIPHBOIH-
Moro npeactaBgaeHus D@©. Eciu HenmpuBoauMoe I[pejAcTaB/eHHE
D@ pxogur B D@ X D) ¢ kpaTtHocThio (abc), TO yHHTapHOe mpe-
obpasopaune B (abc)-MepHOM NPOCTPAHCTBe OCTaHETcss CBOGOA-
HBIM, W, I/l TOro uyTOObl 3a4aTh €ro MOJHOCTbIO, HAM MOHaA00uTCS
BBOJUTb KaKHe-TO JONOJHHTEJbHblE YCJOBUs Ha 6asucibie BEKTO-
pBl mpocTpaHcTBa npousBeienus. Hajg ato#t npobseModr MHOro pas-
multisag bugenxapu !). Ou moctpoun 6asuc j/s cayuas n-MepHOR
YHUTAPHOH TPYMNILL.

[Ipu paccmoTpeHun HauboJjee HHTEPECHON aas (U3MKa Tpyn-
nul — rpynnsl Bpamenu#i O(3) — ykasaHHas Bblile TPYAHOCTh He
BOSHHUKAET: BCe KpaTHoCTu (abc) NMPHHUMAIOT B paccMaTpUBaeMOM
caydyae 3HaueHus 0 uau 1. Ipynnbl, o6/aajgawliide TeM CBOHCTBOM,
yTO HMX CHMBOJH (abc) MOTYT NPUHUMATbH TOJbKO 3HauyeHus 0 uau
l, HA3BIBAIOTCS MPOCTO NPUBOAUMBIMH., VX paccMOTpeHHI0 yAETHAH
MHoOro BHuMaHus Makku u Buruep ?).

Ecnu cocraBHag cHCTeMa COAepPXKUT GoJee ABYX MNOACHCTEM,
T. €. eCJIH HMHTepec MPEeACTaB/sieT KDPOHEKepOBCKOe [POH3BejleHue
6oJiee BYX OpeACTaBJeHHH, TO OJHO H TO e HENPHBOJAMMOe mpej-
CTaBJeHHe Ja)Ke B cjayuae NPOCTO NPUBOJAHUMBIX TPYII MOXKET BXO-
JHTb B pAasjomeHHe ¢ KPaTHOCTbIO, Goabliefi 1. [as oAHO3Hau-
HOro OnpejfencHHs UCKOMOTO NPEACTaBJeHUS B 3TOM CJayyae, oue-
BHIHO, HeOOXOAMMO AeHcTBOBATL MO HHAYKUHMH Wiar 3a lIarom Tak,
KaK Mbl BHIUKCASIIH KpaTHOCTh (abc ... v).

PaccMoTpuM cHauana pasnoxeHHe KPOHEKEPOBCKOro mnpoM3Be-
JeHHsI JBYX HENPHUBOJUMBIX INIPEACTABAEHHH @ M b NPOCTO NpPHBO-
numoil rpynnbl. BasucHble BeKTopwl B NpocTpaHCTBe MpeiacTaBJe-
HHf a 0003HAaYUM uepe3 aj, Qo, ...; YHCIO HX ONpejenasercss pas-
MepHOCTbIO [, mpeactraBaenusi @. Ilyctb o — J1060H H3 BEKTOPOB
6asuca o, O, ...; CYMMHUDOBaHHE MO o O3HAUAET CYMMHPOBAHHE
o BCeM BEKTOpaM o, o, ... . AHaJOTHYHO cjefyeT NMOHHUMAThL H
CyMMHpOBaHHe 1o P, rie P — 060l U3 [, GasUCHBIX BEKTOPOB PBi,
B2, ... mpedctaBjeHust b. UToObl BbIPAa3UThb OAMH H3 Oa3HCHBIX
BEKTOPOB Yy TMPEACTaBJEHHA ¢, BXOASILLEr0 B KPOHEKEPOBCKOE

1) Cm. cratbu DBugenxapna, [37, 38], a Takike ero ofsop B cOopHuke [31]
(ctp. 173) u paboret Moutunckoro [39—41] (cm. Takxe paboty [42]).

2) Pesyabratel Burnepa cogepkarcs B crathe [43]. Drta cTaThd u ee Godee
noApoGHLIi BapHaHT ONMyGJHKOBaHbl TakXKe B c6opHuke [44]. B stor xe cGOpPHHK
BKJ/IIOUE€HO HECKOJIbKO paHee M3JXaHHBIX CTaTefl, CHIMPABIIMX BaXKHYIO poJb B GOPMHU-
POBAHHUH B3NMISAA0B (QH3HKOB Ha TEOPHIO NPECTABJEHUH TPYMN, B YACTHOCTH CTAThH
Pax{(a.]PesyanaTm Makxy ony6aukoBaHbl B paborax [45, 46], a TakXe B ero KHH-
re [47]. .
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npou3Be/jenHe NpeAcTaB/aeHHil a U b, uepes Ga3HcHbie BEKTOPE! (a, B)
NpousBeeHHs MPOCTPAaHCTB NpPEACTaBJeHHH a U b, HEOGXOAUMO BEHI-
pPasuTh y B BUAE CYMMBI

v= 3 oyup @, B). (6)

Bee Ttpn npeacrassenust @, b u ¢ BXOAAT B KO3(DQPUUHEHTHI Cyyxp
CUMMETPHYHO [aHA/JOTHYHO TOMY, Kak OHH Bxoaat B (abc)l Koad-
(QUUHEHTD! Cy,p MOXKHO 3aNHCaTh B BHIE

@ b ¢
CVU«B:lCl a ﬁ ,Y ) (63)

rae [, — pasMepHOCTb NPEACTaBJCHHS ¢, a BTOPOil MHOMXHTEIb B
IpaBoifl HacTu Has3biBAeTcsl (MO TOKa He CYLIeCTBEHHbIM JAJsi Hac
npuuuHaM) 3j-cuMBOJOM. Eciu He cuMTaThb BO3MOXKHOIO H3MEHe-
HUSl 3HaKa, 3j-CHMBOJ MHBApPHAHTEH OTHOCHTENbHO HEPECTAHOBKH
CTOJONOB. ITH 3j-CUMBOJIBI HJIH 3KBHBAJEHTHble MM BBIpaKeHHS
HasbiBalwTcs Kosbpopunuentamu Kiaebwa — I'opaana (Xors s HH-
KOTJla He MOT NOHATb NMouyeMy) uau Kos(hdulueHTaMu BEKTOPHOH
cBsi3u. BTopoe HasBaHWe, Ha Mol B3riAA, mpeanoytutensbHee, OHH
Oblid 10APOOHO BhlumcaeHb! Aiast Tpynnbl O(3), u uMmeloninecs Tab-
JHUIBLl 3j-CHMBOJIOB MO CBOEMYy 0ObeMy conmepHHYalOT ¢ TabaHuaMu
Jorapugmos ).

Ecann Ham HY»KHO CBfI3aTb BOEAHHO TPH MOACHCTEMBI, TO Mbl MO-
JKeM cHauaja cBs3aTb JABe W3 HHMX, @ 3aTeM IPHCOSLHHHTb K HHM
TpeTblo. Bo MHOrux ciayuyasx Takoi moaxoj HMeer (DH3HUECKHi]
CMBICJ, TMOTOMY YTO CBSi3b MEX/JYy NepBbIMH ABYMsl MOJCHCTEMaMH
MOXKET 0KasaThCA CHJbHEe CBA3H MeXAYy J000#l U3 HUX H Tperbelt
noacucremoit. Ilyets a, b, ¢ — Tpu npencras/ieHusi, KPOHEKepOB-
CKOe NPOH3BeAEHHe KOTOpblXx Tpebyerca Hafitu. CesabiBast @ u b,
NoJy4yaeM pas/joxkeHHe Oa3uCHOro BEKTOpa p MpeXCTaBJIeHUs
B NPAMOM IPOM3BeJeHHH NPOCTPAHCTB MpejacTaBjaeHuil a u b:

: b
=Xl ) ") )
o B

3arem MbB 06pasyeM KpOHEKePOBCKOe MNpPOM3BeleHHe MNpelcTaBJe-
HHSl M Y1 OCTaBLIerocsl mpejcTasjeHus c¢. Basuchblit BekTop 6 mpea-
craBaenust d 6ymer cojaepKaTb BEKTOp (W, y) ¢ KO3pbHIHEHTOM

,fm ¢ d
A7 5%
poy o

) Hackonbko H3BecTHO, BHepBble 3j-CHMBOJB GbUIM BBIYHC/AEHBI B Khure [48],
ra. XVII. Bosee cuMMeTpnuHOe BBIpa)KeHHe AJsi 3j-CHMBOJIOB NPHBEAEHO B CTAThe
u3 c6opHHka [44], crp. 89—133. Uucnennnle 3HaueHns 3j-CHMBOJIOB MOXHO HafTH
B paGore [49].



18. [Tpunyuner cummerpuw 8 crapod 4 Ho80d pustke - 233

B CHJIy 4ero

(@ b m\{m ¢ d
Y W ( 5 u)(” . 6>(a,ﬁ,v)- ®)

u,o, B,y

[Tpomonxkast ator npouecc, Mbl OyAeMm CBf3LIBaTh Bce Oosbilee H
6oJbliee YHCAO MOACHCTEM, T. €. HOAydaTh GasuCHble BEKTOPbl He-
NPUBOAUMBIX KOMTOHEHT NPSMOr0 NPOH3BEAEHHS MPOCTPAHCTB He-
CKOJIbKHX HEMPHUBOAUMBIX MPeACTaBJeHUIl.

Cnenyer 3aMeTuTb, OJHAKO, UTO IMOJYYEHHH Bblule BeKTOp O
MOXKET He COBNAaCTb C BEKTOPOM, KOTOPHIH mnoayuuica Gbl B TOM
caydae, ecJi Obl Mbl CHAuaJa pasJOXKUIH KPOHEKEPOBCKOE MPOU3Be-
JleHHe npelcTaBJeHudl a ¥ ¢, a 3aTeM CBSI3aay OAHO U3 HENPHBOJH-
MBbIX TPOCTPAHCTB B 3TOM KDOHEKEPOBCKOM IIPOH3BENEHHH ¢ MOpO-
CTPAHCTBOM nipesactaBjenus b. IlpuunHa HecoBmajeHus pesynabTa-
TOB O0YCJOBJEHA TeM, UTO MpejcTaBjeHne d MorJao 6bl BO3HHKHYTD
He TOJBKO R pe3y/bTaTe CBA3H NPOCTPAHCTBA MPEACTABJIEHHA ¢ C
KOMIIOHEHTOH # MPSAMOro MPOU3BeJeHUs] NPOCTPAHCTB MpeACTaBJje-
HHIl @ ¥ b, HO ¥ B pe3yJbTaTe CBS3H NPOCTPAHCTBA MPEACTABJICHHUS
¢ ¢ apyroii KoMIoOHeHTO# m’ Toro ke mpsimoro npousseaenus. Ilo-
3TOMYy BeKTOp O I[paBuJbHee 6bl10 O6bl 0603HauaTh 8™, rje HHIAEKC
M yKasbiBaeT TO MPOMEXKYTOUHOE MNpeACTABJEHHE, KOTODOE 3aTeM
OblIO CBSI3aHO ¢ NpeAcTaB/JeHHeM c¢. AHAJOTHUHO BEKTOD

) . ufa ¢ m’)(m’ b a’)
=Y, (L) (q e wile 8o (8a)

a, B, v,

ceoBano 6bl 0603HauaTh &™ — HHAEKC m’ YKasblBaeT mPOMeEKY-
TOYHOE [IpeAcTaBaeHHe, KOTOpOe 3aTeM cBf3biBaercs ¢ b. BaaumHo
O/IHO3HAUYHOTO COOTBETCTBHS MEXAY BekTOopamu 87 u 8™ mer, HO
KaxKIblll U3 BEKTOPOB & ™" MOMKHO NpeACTaBHTL B BHJe JHHEHHON
KOMOHHAlLMU BeKTOpoB O™ (U HaoGopor). [ns Bcex GasucHBIX
BEKTOpPOB «, B, vy # 8 KO3b(PULUUEHTH OJUHAKOBBLl M PaBHHl (¢ TOY-
HOCTBIO [0 3HAKa M MHOKHTeAs [,) «6j-cumBosam», wiau Koaphu-

uuentam Paka!):
o a b m } .
8 21 { o 17 9)

Kosdduuuentsl Paka urpaior BaxKHYIO poab U B pane Apyrux ¢u-
3MYeCKHX npobseM, aToMHas U sigepHas cnempocxonm{——nnmb

1} 6j-cHMBOJBI ObisIH BIEpBhie BBefeHb B paGorax Paka nesasucumo ot Godee
paHHUX uccaeqoBanui Buraepa (cm., nanpumep, crathio Burtiepa B cGopnuke [44]).
Pa6ortst Paka [50—53] GbutH DOCBSILUEHBI PELICHHI0 HEKOTODHIX MPOGJEM TEOpHH
aToMHbiX crnekTpoB. OHu poulin B cOOpHHK [44]. ql/lC.HeHHble sHaueniis kosddu-
uuentoB Paka, uiun 6f-cumposios, cM. B padore {49].
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aBe u3 Hux. Mmelorca oOmwupHble Tabauusl kos3dhduunentos Paka;
ob6HapyXeH Ueablii pAg  HX cBOHcTB cuMMeTpuHu. Tak, aio6bie
croabubl B 6j-CHMBOJIAX MOXKHO MNEPECTaB/sATb MECTaMu:

{a b e } { b a e} { a e b } |
c d [l ld ¢ f) e [ af (10)
JlioGble ABa cT0J6la MOXKHO IepeBepHyTh «BBEPX HOTaMMU»:

{a b e } { c d e } {a d | } |

lc d )] la b [) le b e) 7 (102)

Kpowme Toro, nmMeercst psi COOTHOLIEHHI OPTOrOHAJbHOCTH, KOTOPBIE,
TaK Ke KaK u cooTHouwleHusa cummetpuu (10) u (10a), cnpasen-
JAUBBL 51 Ko3dduuuenton Para nioGoit npocTo NPUBOAUMOI TPYI-
nbl. Huas koadduuueHtoB Paka rpymnn O(3) Peaxe pokasan
HECKOJbKO JOM0/JHHTENbHBIX COOTHOLLIEHUHA CHMMeTpHHU; OoJee r1y6o-
Kas NPHYHHA CYLIECTBOBAHHS UX OCTAETCS [OKa HECKOJbKO 3ara-
JNOYHOH:

e b omy |s@rerb—a) La—ctb+d) m
ookl o
B

c d slatc—b+d) (—atct+b+d) m
ecan a, b, ¢, ... 03HAYAIOT MPEACTABJCHUS TPEXMEPHONH Tpymmbl
spaienuit O(3) pasmepHoctu 2a + 1, 20 + 1, 2c + 1, . ... Pemxe

[54, 55] oOHapyxu1 aHaJOrHuHble COOTHOLIEHHS ') W MeXay Ko3d-
¢duurenTaMu BeKTOpHO# ¢Bsi3u rpynmsl O(3).

MHorue aBTOpbHl paccMaTpHUBA/IM MpSAMBle MPOH3BeJeHHs Gogee
Tpex upencraBacHuil. OCHOBHBIM MOTHBOM HX HAeSiTeNbHOCTH (B
yacTHocTH, bunenxapna, damonica, [lonmano) 6bLia He paspa-
60TKa METOAOB pelleHHs (U3MUECKHX 3a7ay, a YUCTO MaTeMaTuye-
CKHe HCCJIefOBaHUSI pfALa 3aXBaTbiBAKIle HHTEPEeCHBIX CBs3ed 2).
HaunGosiee nojsHbiM 0630poM paboOT 3TOr0 HampaBJeHHs, cOJepKa-
WM K TOMY ke cyllecTBeHHOe 0000lleHHe DaHee TOJYUYEHHBIX pe-
3yJIbTATOB, CleldyeT, MO-BHIUMOMY, CUHTAaTb pabory [60]3). Kpome
toro, YakpaGaprtu, Jlésu-Haxac, JleBu-Jle6ron u aBcTpamuiickuit
(u3uK, MareMaTuk u ¢uiocodp KyMmap npemnoRuiu BbIpa)kKeHus
A1 6, B KOTOpble NpeACTaB/ieHHA a, b U ¢ TPEXMEPHOH TIpynnu
pamenuit O(3) Bxoaar cummerpuuno [62—64]. Kymap noayuun
AaHaJIOTHYHblE BBIPAXKEHHS! U JJIf HEIPHBOXHUMbBIX KOMIIOHEHT KDPOHe-
KEPOBCKHX NPOH3BEJeHHH OoJee Tpex HENPUBOLHUMBIX MNpPEJCTaBJe-
Hull rpynnbt O(3).

'} O6o6uenne cootHoleHui Peaxe paccmorpen Llapn.
2) Cm. pabotni [66—b59], a takXe craTbio Ilonuano u Pexke B cOopruke [31).
%) Cwm. rakxe paGory llapna [61]. '
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B sakiioueHue 3TOH uacTH Moero AOKAaZa s MOT'Yy ¢ yBepeH-
HOCTBIO CKaszaTb, uTo 6o0/Jiee BHMMATENbHBIH H GoJee THlATe/JbHBIH
aHaJ/iu3 NpPSAMbIX IPOM3BEJEeHHH HeNnpHBOJMMBIX NpPEJCTaBJEHHH, IO
KpalHelt Mepe HeKOTopblX rpymm, W B yacTHoctn O(3), nossonun
MOJNYUYUTh PAL HHTPHTYIOUWX cOOTHoweHu#, Moxer Gulth, 3TH €O-
OTHOLIEHHs HEJOCTATOUHO OOLIM W CJAUIIKOM KOHKPETHBI, YTOOHI
NpUATHCH O BKYCY MarteMaTHKaM, HO MHOTHM u3 Hac, (U3HUKOB,
HCCE0BAHUE 3THX COOTHOLIEHHH, GeCCHOpHO, J0CTaBUIO YAOBOJb-
CTBUE,

51 oTHiOAb He yBepeH, UTO HCCAeLOBAaHHA Pa3JIOMeHHH MPAMBIX
NPOU3BEAEHHUIT npejcTaBieHuil rpynn ucuepnajan cebsi. B 310i 06-
JACTH MOJYYeHo MHOro APYTHX, He YNOMHHABIIHXCS B MOEM JO-
KJaaje pesyabraToB!), m psj BONPOCOB, HAa KOTOPble 51 Xoren Ol
3HATH OTBeT, BCe elle OCTAeTCHd OTKPBITBIM. TeMm He MeHee HPOG-
JeMbl, uMerollie AJs QU3MKH 0cobo BaxKHOe 3HAUEHHE, OUEBHIHO,
yzKe pelleHbl, Kak ObIM pelleHBl paHee MaTeMaTHuecKue npobJe-
MBIl KpucTaJjjaorpaduu. Hosoe noJjie Ajisi NpWJIOXKEHH[ HAeH CHMMe-
TPHU OTKPBHITO (U, HaJA0 CKa3aTb, BecbMa KCTaTH) B HauboJsiee cO-
BpEMEHHOH YacTH TeOPeTHYeCKOH (HU3UKH — B TeOpuu 3JeMeHTap-
HBbIX YaCTHIL

NNPOBJIEMbl CUMMETPHH B ®H3UKE 3JIEMEHTAPHDLIX YACTHLI

O63op npobiaem cuMMeTpun B (DU3HKe 3JeMEHTAPHBIX YaCTHI —-
3ajlaya OTHIOAb He Jerkas, MOCKOJNbKY MBI ellle He B COCTOHWM fC-
HO chopmyaupoBatb 3TH npobjeMbl, B moaTBepiKaeHHe BbICKA3aH-
HOTO s COLUJIIOCH Ha CYLIeCTBOBaHHe OTAENBHBIX Ipymm vactuy (Ha-
npumep, rpynnn u3 8 GapHOHOB), MPUHAAJNENKALLIUX OJHOMY M TOMY
JKe mpeacTaBigeHuto rpynnsl [IyaHKape u Juilb HE3HAUHTENbHO OT-
JUYAIOLMXCA 10 Macce. YNOMSAHYTHIH HaMu OKTeT GapHOHOB —
naubosee u3BecTHbl upumep 3toro poxa. Cpeau 8 BXOAAWLHX B
HEr0 4acTHL eCcThb HNPOTOH W HeliTpoH. OcTajbhble YyacCTHILLI MOAY-
UHJI¥ HAasBaHMe CTPAHHBIX; Bce OHH OblIM OTKPLITH CPABHHUTEJBHO
HeJaBHO.

[To-BuauMoMy, pasyMHO MpPEeANONONKHTb, UTO UJAEHbl 3TOrO OK-
TeTa CBSA3aHbl MexXJy co60i KakKof-To npubJuKeHHOH CHMMeTpHeil;

1y Tlosnnoe mepeuHcaeHHe BCeX MOJAYUEHHBIX 3[€Ch pe3yabTATOB BPSJ JH BO3-
MGXKHO, M s HA30BY JHIUb HeKoTophie. [TomMuMO KomnakTHbix rpynn Jiu uccsae-
AOBaNuCh TaKXKe M HEKOTOPble HeKOMNaKTHble Tpyminl Jly, B TOM uuc/le rpynna
[Tyankape (cm., nampumep, [65—67]). pyrue CBOACTBa NPEACTABJEHH{l TPYINLI
[Myankape 6bl1d paccMoTpebl B paBorax [68—78]. Bo muorux crartbsx 1ucCieaoBa-
Juch GoJiee CIOXKHbIe HEKOMNAaKTHble Trpynmel Jlu, HMeomue ¢(yHIaMeHTanbHOe
3HaueHue B Teopuu mnpoctpancrts Ae Currepa [rpymnat O(4, 1) n O(3, 2)] uau
BCTpeuaioLIrecss B (il3HKe BBICOKUX sueprufl [rpynnsl O (4, 2) u U(2, 2)]. Cum. paH-
uiolo pabory Tomaca [79], a Takxke nonpaBku u 0600Lienus k nell B paGorax [80,
81]. dpyrue pe3yabraThl Gbian nodayueHpl B paborax [82—88). Becbma nounbiii 06-
sop pabot o 1965 r. (c maTemaTHYeCKOH TOUKH 3peHHs) rpHBefeH B craTbe [89);
cM. Takxe pabory [90]
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BOMPOC JIHIIL B TOM, B YeM COCTOHT 3Ta cHMMeTpusa, [lo Hawmemy
MHEHHIO, CYLeCTBYeT HeKas rpymnna, obmajamolasi 8-MepHbIM npej-
craBiaenyeM. BeKTOpH cocTosiHua 8 yacTHH, BXOASLIUX B OKTeT, 00-°
pasyior 6a3uc B npPOCTPAHCTBE 3TOro npeictasjeHus. C TOYKH 3pe-
Hust ¢usuku npobaeMa CBOAUTCA K YCTAHOBJEHHIO CMBIC/Ia Omepa-
LWl HEeM3BeCTHON Tpymnbl ([AJs HmpuMepa yKaxeM Ha (U3HYecKHH
cMblca onepanuit rpynnkt Ilyankape: npocTpaHCTBeHHble y BPEMEH-
HBle CABHTH, coGCTBeHHble mpeoOGpas3oBaHus JlopeHUa Kak mepexof
K MHEpPHHaNbHBIM CHCTEMAM KOOPAMHAT ¥ T. A.). [ToKa Taxof cMuich
HeuspecteH. COMHUMTEILHO Jaxe, 4TO TAaKOi CMbics BoOGUle yRact-
csl HAHTH, TMOCKONBKY BEKTOPHl COCTOSIHHSI paccMaTpHBAeMbIX 4a-
CcTHIL He 06pasyloT JIHHEHHOTO NPOCTPAHCTBA: CJOXKEHHE BEKTOPOB
COCTOSIHHSI MpPOTOHA M HeATPOHa He HMeer cMbicia. Pasymeercs,
3T0 OGCTOATENBCTBO €llle He 03HAudeT, YTO OCHOBHble YpaBHEHHs He
6yAYT WHBApMAHTHBIMH, MO KpafiHell Mepe npubJauXKeHHO, OTHOCH-
TeJbHO HEHU3BECTHON IpYINbl, HO ee ONEPAallHd B CHJIY CKa3aHHOTO
JHULIEHB npsiMoro ¢u3H4Yeckoro cmbicsaa. Ilpumepom MoOTyT cay-
JKHUTb YpaBHEHHsi OCLU/MISITOPA: OHH OCTAlOTC WHBADHAHTHbLIMU
OpH 3aMeHe KOOpJHHAT Ha CKOPOCTH W HAoOOpOT, u T4 HHBADHAHT-
HOCTh MPHBOAHMT K HHTEDECHBIM CJEACTBHAM, XOTs JeXKallas B ee
OCHOBe MaTeMaTHuecKasl onepauusi cama no cebe He uUMeer (HU3H-
YeCKOTO CMblCaa,

To, 0 ueM MBI TOBOPUIM, OTHOCHUTCS K mpobaeMe (pU3HYecKOH
MHTEpIpeTallnd cUMMeTpHUH., MarteMaruuyeckas mnpo6/jemMa COCTOHT B
OTBICKAHHUH MOAXOMsilied rpymnnbl, obgajawmoliei 8-MepHbIM MHpex-
craBieHHeM. lena-Mann u Heeman [91—93] npennoxunu B xaue-
CTBe pelIeHHS] TPeXMepHYIO cllelHatbHyl0 (YHHMOAYJIAPHYIO) YHH-
tapuyio rpymmny SU(3). IlepBoe HeTpuBHAJTbHOe BelleCTBEHHOe He-
NPHBOAMMOE MpeAcTaBJeHHe 3Toli rpynnel 8-meprHo. Yem moxer
6bITh nosiesna rpymna SU(3)?

Ecau 6bl ee onmepanuu Oblid onepalusMH TOYHOH CHMMETPHH,
TO Macchl 8 wacrtuil 6bLIM Obl paBHLIMH. DTO CJAeAyeT HU3 TeopeMbl
O’Paiiepru [94] '), corsiacHO KOTOpOil He cyllecTByer rpynnel Jlu,
colepxKalllel B KauecTBe coOcTtBenHOH noarpynns rpynmy Ilyan-
Kape u obaajamuiedl TaKUM HENPUBOAHMBIM MNpelAcTaBJeHHeM, uTo
ero orpanuyende Ha rpynny [lyaHkape comepKUT KOHEUHOE UMCJIO
HEMPUBOAUMBIX TIPEACTABJEHUN MNOCAe[Hell, OTBedalOUHX pas3aHu-
HplM MaccaMm. CienoBaTesibHO, pas/Hudsl B Maccax JOJKHB ObITh
CBSI3aHbl C KaKOU-TO HETOUHOCThio YHHUTapHoi SU(3)-cuMMerpuH,
C KaKuMH-TO ee HapyweHusimu. Kpynuoiii ycnex teopun SU(3)-
CHUMMETPHH COCTOSJI B MOJYYEHHH NPOCTOro onepatopa BO3MYylle-
HUA JAJsi MaTPUYHBIX 3J€MEHTOB, MO3BOJUBILEro ONucaTh HabJaio-
JABIIHECH pacxox/JeHus B Maccax 8 uactul. 5 umeo B BHAYy Mac-

1) BoJiee Tounyio MatemaTuueckyio GopMyauposky teopemm O’Paiideptn paa
Hocr [95]. O6o6uienue Teopemul cm. B paGorax Curana {96] u Taaungo [97].
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copyio ¢opmyay Tenn-Manna — Oky6o, paioulyio pesyabTaThl ¢
TOYHOCTBIO 0KoJ10 6% [98, 99].

CorsiacHe MeKAy MaccoBoii GOpMYJOH U 3KCHEPHMEHTAJNbHLIMH
3HaueHHSIMH Macc caMo mo cebe ellle He Obliio Gbl YOeAHTENbHBLIM.
CymecTByer HECKOJBKO MPOCTLIX ONEpaTOPOB BO3MYILEHHA, H HE
VAHBUTENLHO, YTO OJUH H3 HHUX MPHUBEJ K XOPOLIEMY COIJIaCHIO C 3KC-
nepumeHToM. OJHAKO YMOMHHABLIHHCHA HAaMH OKTeT He ABJseTrcs
€JUHCTBEHHBIM: YCTAHOBJEHO NO KpaHHeHd Mepe TPH APYTHX MYJb-
runsiera. ManosepositHO, uTOOB Bce 3TO ObLIIO CJAYYalHLIM COBI&-
IeHHEeM,

I ormaio cebe oTueT B TOM, 4TO MOE BHICTYNJeHHe OBbLIO CJAHLI-
KOM pacmJblBUaThIM, YTOGb! BLI3BATH HHTEPEC y MaTEMAaTHKA, Mpen-
NOYHTAIOUEr0 UCXOAUTb M3 UYETKO CQOPMYJHPOBAHHBIX OOTYLIEHUH
H NPUXOAHTH K OfpejlefleHHbM BBIBOAAM. MBI ¢ MOHUMAHHEM OTHO-
cuMcsl K TakoMy mpucTtpacTuio., OaHako 3ajnaua (puU3HKa HepemgKo
GblBaeT MPSAMO NPOTHBONOJIOXKHOM: OH 3HAeT KOHeYHble BHIBOJbBI —
SKCIIePUMEHTANbHO OGHapy»XKeHHble SIBJEHHS — M XOTea Obl BHIfIC-
HHTb, U3 KaKHX JNONYLIEHU! 3TH BHIBOAH caedyior. PenieHue Ttakof
«0OpaTHOM» 3a7aul CONPSXKEHO ¢ HeoOGXOAUMOCTBIO TMPEONOJETh
MHOTHE HesiCHOCTH, HO, HeCMOTPS Ha 3TO, a Moxer ObiTh, ¥ 6Jaro-
Jdaps 3TOMYy, OHO 0COOeHHO MHTepecHO. B pasBUTHH HaMEUEHHOro
BHIIIE KPyra H/Jell MOMHMO VKe HA3BAaHHBIX aBTOPOB OOJBUIONH
BKnaja Baecan Mumiens us @©pannun, Ilasic u Poman us CLIA,
Tiopwu uz Typuuu, Paguxkatu us Mranuu!), Ho 5 He xores OBl ocTa-
HaBJMBaThCH 3J€Chb Ha WX pesyjbrarax Oosee noapobHo. 'maBHoe
U3 TOTO, YTO §1 XOTeJ NOAYepKHYTh B CBOEM JOKJIaje, COCTOHUT B
JPYroM: nocJ/e AJUTENbHOr'0 NMEepPHOAd, B TeUeHHe KOTOpPOro B 1I€H-
Tpe BHUMaHHUSt (U3UKOB M CTNELHAMUCTOB 0 TEOPHH CHMMETPHH Ha-
XOJUAUCh TOAPOOGHEIE HCCAENOBAHUS NpPeACTABJEHHH TPy, HblHE
BCeoOLIUH HHTEPEC BHOBb BLI3LIBAIOT IOUCKH TPYNN CHMMETPHH
(unn omHOMH, yHMBepCaJbHON Tpynmbl CUMMETpHM), Haubosee MpH-
TOAHBIX JJIs1 ONHCAHUS HA6II0LaeMbIX SIBJCHHI.

B saknao4eHHe s Xouy BBIpAa3HTh cBowo OsarogapHocts bapr-
many, I'manucnn u KyHy 3a 1o, uto onu obpaTuim Moe BHHMaHHe
Ha HEU3BeCTHble MHe paHee PaboThl, W 3a MNoJe3Hble OOCYXKAeHuUS,
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3AKOHbI COXPAHEHHS B KJIACCUYECKOH
H KBAHTOBOM ®HU3HKE?Y)

Kak mnokasaHo B crathbe Miopau [l], cyiuectByer HecKoJBKO
NPHYHH AJS H3Y4YeHHs TeX CJAeACTBHH, K KOTOpPbIM IPUBOJAHT pac-
IIHpeHWe HeoJHOPOAHON rpynnbl JlopeHla — BKJAOUEHHE B Hee Me-
peXol0B K pPABHOYCKODEHHO ABHIKYLIHMCS CHCTEMAM KOOPAHMHAT.
EnnHcTBeHHON NpPHYHHOM H3VUeHHSI CYXKeHHA HEOJHOPOAHOH CPYI-
net Jlopenna sgBasercs JOOONBITCTBO M JKeJMaHHe HANOMHUTHL O TOMH
(hyHAaMEHTAJbHON DOJNIH, KOTOPYIO MPOAOJKAIOT Hrpath B (hHU3HKe
HBIOTOHOBCKHE YpaBHEHUsI [BHXKEHHS.

Mpl paccMOTpUM caeacTBUA NpoCTeHLIero u3 BO3MOXKHDLIX 3aKO-
HOB JABHJKEHHS: BCAKOE TeJO OCTAETCA B COCTOSHHM TOKOS, €C/H Ha
Hero He JeHCTBYeT HUKakas cHjaa. YDABHEHHs] ABHXKEHHS, COOTBET-
CTBYIOHIHE 3TOMY MOAH(GHUHPOBAHHOMY 3aKOHY, HMEIOT BHJ

oF o

. R . af
MyXg= — ax ° MolYoq= — dy * Mgy = — 3z ° (1)
a a a

Ouy mpuMeHHMBl K J0Go#i uacTHle o. Beawuusa [ urpaer poab
CBOe0oOpA3HOro MOTEHLIHAasna, TpajgHeHT KOTOPOTO OmpejensieT He
yCKOpeHHe, a CKOpocTb. Pe3yabTaTbl, KOTOpble Mbi NOJYyYMM HC-
X0oAs W3 ypaBHeHHH (l), pasymeercd, He wuMeloT (HU3HYECKOTrO
cMmbicata. Mcenenyst, 0fHaKko, 3aKOHbLI COXPaHEHHs], BHITEKAIOLIHe U3
ypapueuu#t (1), MBI YBHAMM, uTO B MEXaHHMKe OAHa JHIIL CHMMe-
TpUs npocTpaHcTBa 6e3 crneunduueckoil Gopmel 3akoHos HbloToHa
ellle He NPHUBOJMT, KaK MOXKHO 6blo Obl OXUJIATh, KO BceM 3aKO-
Ham coxpaneHust. C APyroil CTOPOHB, B KBAHTOBOH TEOPHH YypaBHe-
Husl, sKBuBaneHTHble (1), MO3BOJNSIOT NOJYYHTHL 34KOHbLI COXpaHe-
HUS, XOTS WX HHTEPNPETAanusi CTAHOBHTCS OTHIOAL He OUEBHAHOM.
Ecnu cnpaBepausnl ypasuenuss (1), To gBe CHCTEMBI KOODIH-
HAT, PaBHOMEPHO JBHIKYllNecs OTHOCHTENbHO APYr Apyra, nepe-
cTaT ObITh 3KBHBAJEHTHBIMM, M, OTHDPABJAsCh OT ypaBHeHuir (1),
Mbl He CMOX€M [OCTPOHTb TEOPHIO OTHOCHTEIBHOCTH. Tem He MeHee
CBOMICTBA CHMMETPHM MPOCTPAHCTBA CaMH 10 cefe OCTalHCch He-
H3MEHHBbIMU: COXPaHWJIach ero OAHOPOAHOCTb, wu3oTpomHocTb. Co-
XpaHWnach TakKXe U ONHOPOAHOCTbL BpeMeHH. Cie/loBaTebHO,
MOXKHO O0XHAaTh CYLIECTBOBAHHA HEKOEro 3aKoHa coXpaHeHusd

B

') Us xypnana: Progr. Thecr. Phys., 11, 437 (1954). ~
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9Hepruy (CBASAHHOrO C OJHOPOJHOCTBIO BpPEMEHH), a TaKxe 3a-
KOHOB COXpaHeHHs MMIYJbCa M YIJOBOIO MOMEHTa, B Haiueli me-
XaHUKe, OCHOBAHHOM Ha ypaBHeHHsX (1), 5T OXHIAHHS BBIIOJ-
HSIIOTCS JIMIIb OTYACTH: €CJAH «IOTeHNHad» [ HHBAPDUAHTEH OTHOCH-
TeJIbHO CABHIOB B INpPOCTPaHCTBe, TO U3 ypaBHeHH#l (1) caenyer
32KOH COXPAHEHHS HMIYJbCA, KOTOPLIA IVIaCHT: LUEHTP Macc H30-
JINPOBAHHON CHCTeMBl HaXOAHTCH B COCTOSIHMU INOKOSI», WJH

mx, + myx,+ ... +m,x,=const. (2)

AHajiorpunble paBeHCTBA BBINOJIHSIOTCS M JIIS Y- H Z-KOMIIOHEHT.
Y710 Ke Kacaercst 3aKOHOB COXPaHEHHs HEPIHH U YIJIOBOTO MOMEH-
Ta, TO HX B Hauled MeXaHHKe He CYLIeCTBYET. JTOT BBLIBOJ HHUYTh
He npoTuBopeunt pesysnbrataMm [amens [2] u dureas [3]!). Csasp
MeX]y 3aKOHAMH COXPaHeHUs W CUMMeTpHell B OObIYHOH MEXaHHKe
OCHOBaHa Ha raMu/JbTOHOBO#H (HhOPMYJIHPOBKe MOCHENHEH, a ypaBHe-
Hust aBuKenus (1) stomy ¢opmanusmy He YIOBJETBOPSIOT,

KBautoBhifl araaor ypaBHeHHH (1) MOXKHO BEIBECTH ¢ NOMOUIBIO
npunuuna Jpendecra [5]. CorsnacHo aToMy NPHHIHNY, U3 YypaBHe-
HHA

—a—t‘lf(xl, ol 2)=QY (3)

CJIC/IyeT, UTO ABUXKEHHE LCHTpa& MdCC

=j|‘1f]2xad1:

(( ...dt o03HauaeT HHTErpUPOBAHHEe MO BCEMY KOH(PHUTYypaUHOH-

HOMY TPOCTPAHCTBY) MOAuUUHsIeTcs ypaBHeHusim (1), ecau 3ame-
HATb B HHUX TNPOU3BOAHBEIe Of/0x, cpemiuuMu sHaueHusmu. Takum
06pa3oM, KBaHTOBble ypaBHEHHs! JIBHKEHHsS IeHTpa Macc B Halleil
Teopun OYAYT HMEThb BUJ

d * a *
Mgt = mg [ 1o [V'QY + W (Q¥)]dr= — [ LW W dr. (3a)

M3 ycioBusi HE3aBUCHMOCTH TOJHOH BEPOSITHOCTH f | ¥ PEdv or

BpeMeHH, TaK e KaK W B OObIYHOH KBAHTOBOII MeXaHHKe, BbITe-
Kaer, uyto omeparop Q anHTu3pmuToB. CieloBaTe/bHO, BbipaKeHHe,
crodilee NOCJAe MEPBOro 3HaKa paBeHCTBa B (3a), MOXKHO npeobpa-
30BaThb K BHAY

my [ W [2.Q¥ = Q(xW)] d.

') Cm. Takixe paGory Beccens-Xarena [4).
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[TockonbKy nonyueHHOe BblpajKeHHe AOMKHO OLITb PaBHO MNpPaBOH
yactd (3a) npu Bcex W*, 10/KHO BLINOJHATECH PABEHCTBO

1 0
5oQT — Q¥ = — - axfa v, (36)
[Tocnennee xe cnpasefnuBo npu Bcex W, ecau
1 0
[Q7 xa]= E (—‘)kfa . (38)

Haubonee ofuiuit aHTH3PMUTOB onepaTtop ), yAOBJIETBOPAIILIKI
ypaBHeHHIO (3a) ¥ aHAJOIHYHbIM ypaBHEHMAM JJA Y- U Z-KOMIIO-
HEeHT, UMEET BUJ

0 of o | of @ 1 .
Q= Zm (0x dxa'_i;aya ay, | oz, —5¥+'§Aaf)+lg- (4)

BeutectBeHHaas ¢yHKUWS g AOMKHA ObITh HHBAPHAHTHOH OTHOCH-
T€JbHO TepPeHOCOB M MOBOPOTOB, T. €. MOJMXKHA 3aBHCETh JMIIL OT
pACCTOSIHHA MeKAy 4YacTHUAaMH, a B OCTaJbHOM OHa COBCPLIEHHO
NIPOU3BOJIbHA.

Hcxona ua ypasHenust (3) u BblpaxieHus (4) ajas omepartopa Q,
HETPYJHO BbIBECTH KBAHTOBOMEXAHWUYECKHE 3aKOHLI COXpaHEHHS.
3akoH coXpaHeHHs HEPTHH MOXHO 3allHCaTh B BUAE

" [ | 1 .
E=ib [ [¥ - (grad, f - grad, ¥+ 5 ¥ Adf)+ig¥]dv,  (5)
a 3aKOH COXpaHeHus yrj1oporo MOMeHTa — B BH/AE

My =i | 1P*Z(xu aj ~ o )‘I’dt (6)

[Tocnennee BbIpa)keHHe COBNAJAaeT C 3aKOHOM COXPaHEHHst YrIJo-
BOr0O MOMe€HTA B OObIUHOH KBAHTOBOH MeXaHUKe. v

Cps3b MeXAYy 33KOHAMH COXPAHEHHMS W CUMMeTpHell B KBAaHTO-
BOH MeXaHHKe OTHIOAb He ojHO3HayHa. B oTaHuMe oT CHTyauuy,
C KOTOPOM MBI BCTPETHJNUCH B Hallleil Kaaccuyeckoil (HEKBaHTOBOI)
MeXaHHKe, B Halllefl KBAHTOBOH MeXaHHKe MBI CTAJKUBAGMCS C «H3-
OBITKOM» 3aKOHOB coxpaHeHus. [ToMuMO cOXpaHeHHs KBaHTOBOIO
HMITYJbCa
oY

Py=—in [ W Tl (7)

B Hefl UMeeTcsl aHaJIOr 3aKOHa coxpaHeHus (2):
f (2 maxa) 'Y gv, (7a)

Mopudunuposannblit 3akor Helotona (1), KoTopelM MBI BOC-
[0Jb30BaNUCh AJS AEMOHCTPANHU CYLIECTBYIOLlefi B KBaHTOBOH
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TEOPUH HENOCPE[ACTBEHHOH CBSI3H MeXJAY 3aKOHAMH COXpaHeHHs H
CHMMeTpHeN, fBJSerc CaMbIM NPOCTEHIIHM H3 BO3MOXKHBIX 3aKO-
HOB jBHXKeHus. Kax yxXe roBOpHJIOCh, 3TOT 3aKOH ABHXKEHHSI HC-
KJiouaer J0GYI0 TNOMBITKY BBECTH INPHHIMI, aHaJOTHYHBIA MpPHH-
IHNY OTHOCHTEJNbHOCTH. HHeGe3blHTepecHO 3aMeTHThb, YTO B paccMa-
TPHBAEMOM HaMH CJyuyae KJACCHYECKHH 33aKOH ABHXKEHHS] CTPOTO
BHINIOJIHSAETCSi ¥ B KBaHTOBOH Teopud. Ma ypasHennit (3) u Bbipa-
XKenus (4) craenyer -

" Bt e v e )
(8)

AT0 -— ypaBHeHUEe HEPa3PBIBHOCTH M5 YACTHIL ¢ KOMIOHEHTaMH
ckopoctH (0f/0x,)/m,, HaxoAsIILUXCS B TOUKE, KOOPAMHATH KOTO-
polt cayxar aprymentaMmu ¢yHKuuu f. YpaBHenuwe (8) Bblpaxkaer
TOT (akT, YTO CKOPOCTb H3MEHEHMs1 BO BpeMeHu Beauunnn |W|2,
T. €. IJIOTHOCTH YacTHIl, paBHAa B3fATOH CO 3HAKOM MHHYC JAMBepreH-
nuu toka. Ilociennsis Ke BeUYMHA paBHA NPOH3BENEHHIO MJOTHO-
cti | W|? u cxopoctu. XOpOIIO H3BECTHO, UTO He TONBKO ypaBHe-
Hue (8) sABAseTCs CACACTBUEM YDaBHeHHI ABHXKEHHS, HO H, Ha000-
poT, ypaBHeHHs1 ABMKeHHA (1) MOXKHO BbIBecTH M3 YpasHeHusi (8),
BBIMOJIHAIOLLErOCH JJIsi CHCTEMbl YacTHIL ¢ pAacnpejeieHHeM MJOT-
Hoctd |W|2 TakuM o0O6pasoM, 3aMeHa KJI4CCHYECKOTro ypaBHe-
gusa (1) kBanToBbIM ypaBHeHHeM (3) [rne Q ompenenasiercsi BhIpaxe-
nveMm (4)] B nefCTBHTENbHOCTH He O3HAayaeT OTKa3a OT 3TOro KJaac-
CHYECKOro YpaBHEHHS — BBIBOJ, K KOTOPOMY Mbl MOIJIH 6bl mpHil-
TH, NPUHHSB BO BHMMaHHE OTCYTCTBME B BHIDAXKeHHH (4) MHOMKHU-
teas h. YpaBHeHus (1) HaMmHOro o6Gseruwny 6ol pasBuTHe (DUBHKH
B TeueHHe nocjelHux 50 Jer: 3TH ypaBHeHMs clenaju Gbl HEBO3-
MOXKHBIM CO3/laHHE TEODUH OTHOCHTEJbHOCTH, a KBAHTOBAHHE 3THX
yPaBHeHHH He H3MeHsJ0o Obl UX (uanueckoro copepXkanua. Eaun-
CTBEHHAA HOBas 4epTa, BBOAMMaAs KBAaHTOBOf Teopwell, sakJjiouaer-
¢ B IOABJEHHH KOMIJIEKCHOH (hasbl y Hallell BOJHOBOH (YHK-
unn . CoMHHTeNbHO, 4TOOb! 3Ta BeIHYHHA HME1a XOTb KAKOH-HUOY1b
¢duzuyecknii cmbicad. [locKo/bKy KBAHTOBble 3aKOHBI COXPAaHEHHA
(5)—(7) cBsizaHBl MMEHHO ¢ KOMILIEKCHOK (a30ii u YTpPauyuBaioT
CMBIC/T MIPH BellleCTBEHHO! BoJHOBOK (yHKuMH ¥, ux dusuyeckan
WHTEPIpeTalHsi OCTaeTcs OTKPBITOH.

IlpuBefieHHBIE HaMu TpUMep [OJXKEeH NOCTYXKHTb MNpeaocTepe-
JKEHHeM IPOTHB JETKOMBICJEHHOTO OTOMK/AECTBJEHUSA CHMMETPHH H
3aKOHOB coxpaHeHHsl. OH HANOMHHAET O TOM, 4TO [Js CYLIECTBO- .
BaHNA CBsi3H MeXKAy CHMMETDHEH M 3aKOHaMH COXpaHeHHs B OObly-
HOH MeXaHHKe MOcjelHI0l0 HeOo6XOAMMO C(OPMYyJaHPOBATH B ra-
MHJIBTOHOBOA (OpMe, H HeCMOTpPSl Ha TO, YTO B KBaHTOBOiH TeOpPHH
Mbl BCErfa MOXEM BLIBECTH 33KOHLI COXPaHEHHs M3 YC/JIOBHA CHUM-
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MeTpHH, HHTEpNpeTalldsi 3THX 3aKOHOB COXDaHEHHS M HX (U3Hue-
CKHMH CMBICJ MOTYT ObITh BecbMa npo6/eMaTHUHbIMY.

To o6crosiTebCTBO, Y4TO KBAHTOBAHHE HAUIMX YPaBHeHHH [BH-
JKeHusl He NPHBOJAUT K KBAHTOBOH TEOPHH B NOAJAHHHOM CMbicie
3TOr0 cJioBa, MOXHO Oblio 6bl ApeABHAETh 3apaHee, MOCKOJBKY
NPUHLUII HEONpeAeJeHHOCTH BpPsA JH COBMECTHM C YpaBHEHHS-
mu (1). Ecan Bce KOOpAHHATHl HMEIOT TOYHblE 3HAUYEHHS, TO U CHJIbL
—grad [ onpeznenensl TouHo. Takoe moJsioXKeHHe Bellell COXpaHseT-
€A H nocde KBaHTOBaHHA. [10CKOJbKY B PasBHTOH HaMH TEOPHH CH-
JIBl ONpeAesiOT CKODOCTH, a He YCKOpeHMs, noc/elHue TakXkKe OKa-
3bIBAIOTCS TOYHO 3aaHHLIMH.
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PEJIATUBUCTCKAS MHBAPMAHTHOCTb YPABHEHUH
KBAHTOBOWM MEXAHHWKH!)

BBEAEHUE

Teopuss OTHOCHTEBHOCTH, NATHAECATUAETHE KOTOPOH MbINpasi-
HyeM, H HACUUTHIBAIONLAsl IIOUTH CTOJBKO e JieT KBAHTOBAsl TEOPHs
POAHJIMCh M PasBUBAJUCh COBepLIeHHo mo-pasHomy. Ilpoucxoxne-
HHE TEOPUH OTHOCHTENBHOCTH CBf3AHO ¢ PALOM 3KCIEpHMEHTAaJlb-
HbIX (PAKTOB, CMBICJ KOTOPBIX MOMKHO BbIPa3uTh KPATKG — CKO-
pOCTb CBeTa He 3aBHCHT OT COCTOSIHHA [BUIKEHUA u3Jydatess U
nornorutens. IlyTeBoAHLIME 3Be€3JaMH B Pa3BUTUH TEOPHH OTHOCH-
TEABHOCTH OBLIM YHCTO TEOpPeTHUeCKHe npobaeMbl — npolseMa H3-
MepeHHsl MPOCTPAHCTBA M BPEMeHH H mpobaema HaOJOACHHA, DKc-
nepuMeHTanbuble ke (akThbl, M0 KpaiHell Mmepe B TeueHHe MOC/Ie[-
HUX 25 JieT, urpanu B pa3BUTHH TEOPHH OTHOCHTENBHOCTH 60J/1ee Hiu
MeHee BTOPOCTENeHHYH poJib, KBaHTOBasi Teopus, HaobOpoT, BO3-
HHKJ1a B pe3yjbrare OOCYXKJIEHHs TEODPETHYECKOA npobjeMbl —
NPOTHBOPEYUi, BO3HHKAIOIIUX TNpH KJACCHUECKOM ONHCAHHM H3JY-
YyeHHs 4YepHOro Teqa. [1yTeBOAHBIMH 3BE€3/laMH B Pa3BHTHH KBAaHTO-
BOM Teopud ObUIM 3KCIEpUMEHTA/bHble (GAKTBl: (OTOMEKTpHUE-
ckuil addekr, onbir LllrepHa — I'epnaxa, 3Kcmepumentsl bore —
Iefirepa — Komnrona — CHMOHA M mpex/Je BCEro OrpoMHoe KOJIH-
4yecTBO MHGpOPMAaLUH O CTPOEHHH ATOMHLIX CIHEKTPOB, HAKOIJIEHHOH
nepel BTOPOH MHPOBOH BOHMHOHN, M TOT BCe BO3pacTawiluii o6bem
cBelieHuil 0 AAEPHBIX CWIAX W <«3jeMEeHTapHBIX YacTUHAX», KOTO-
pbiM Mbi pacnosaraeM B Hacrosuiee Bpems. CTuMmyJoM AJst noJy-
yeHusi OoJsibllled yacTH 3TOH HMHPOPMAlHH NOCAYXKHJIA KBaHTOBAs
TeopHsi. B cBol0 ouepenb HOBble pe3yJbTaThl OKasaJju [MYGOKOe
BJIMSIHHE HA €€ Pa3BUTHE.

O61eKTh, Ha KOTOPBIX COCPEJOTOUMBAIOT OCHOBHOEe BHHMAaHHE
TEOpHsI OTHOCHTEJbHOCTH U KBAHTOBAsi TEODHS, TaKkKe pAa3JIHUHEL
Teopusi OTHOCUTENBHOCTH H3y4YaeT IJaBHbBIM 006pasomM MaKpOCKOIH-
yeckHe Tesqa. Tak, cHCTEMBl KOODAHHAT, 9KBUBAJEHTHOCTh KOTOPBIX
NOCTY/JHPYEeTCS B CHELHAJbHOH TeOpPHM OTHOCHTENbHOCTH, SIBJASAIOT-
¢l MAKpPOCKOMHYECKHMHU, ¥ Ha HUX He PACHPOCTPAHSIOTCH KBaHTO-
BOMEeXaHHUeCKHe COOTHOLIEHHs HeonpeaeneHHocTd. Dosee TOro, Bce -
ycrexy TEOPHH OTHOCHTEJbHOCTH AOCTHIHYTH B 00/1aCTH MaKpOCKO-

) Us xypuana: Helv. Phys. Acta, Suppl, IV, 210 (1956). Jtor smimyck
KypHa/la TOCBSILEH NATHASCATHIETHEMY I0GHJIEI0 TEOPHH OTHOCHTE/NbHOCTH.
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nuyeckoil gu3nku. OCHOBHBIM OOBEKTOM H3YUeHHsl B TEOPHH OTHO-
CHTEJNILHOCTH CJAYXKHT fBJEHHe, KOTOPOe COBpeMeHHbll (H3HK-3IKC-
MePHMEHTATOP 3aBeAOMO Inporasaen Obl, ecjd 6bl He OJHO YUCTO
BHelllHee OOCTOATENBCTBO: 3IKCIEPUMEHTATOp W ero NpuGopel MHO-
CTOSTHHO «TIPHUBSI3aHbl» K moay Jgabopatopun. OObeKTH, MpeacTaB-
JS0IIHe OCHOBHOH WHTepec Ansi KBAHTOBOH TEOPHM, MO CBOeH NpH-
po/ie MaKpOCKOTMHYECKHe: UACTHIIDl, H3yyaeMble B KBAHTOBOH Mexa-
HHKe, HACTOJNbKO JIETKH, YTO HX MHAHBHU/YAJbHbI{ I'DABHTALIHOHHBIH
s3(pdexT nouTH 3aBeiomMo HeHabJal0faeM faxke B npuHuune, Ecuu
UMETb B BUAY CTOJb CHUJbHbIE PA3JUYHS B PA3BHTHUU U B IPEIMETE
TCOPHH OTHOCHTEJIBHOCTH M KBAHTOBOH TEOPHH, TO CepbesHble TPY.-
HOCTH, C KOTOPbIMH (PU3UKM CTOJIKHYJHCh INPH MOMNbITKe OOGBLELH-
HUTb 06e 3Tu TeopuHu, BpsA JM BbI30BYT yauBiaeHue. bosaee Ttoro,
Obl10 6bl YAMBHTENbLHO, ecii Obl AJs1 OCYUIECTBJEHUS ITOJHOTO CUH-
T€3a TEOPHH OTHOCHTENBHOCTH W KBAHTOBOH TEOPHM HaM He TOHa-
pobusoch OBl U3YUHTH €lle HeJbIH psin HOBbIXx sBieHuH. [lpusrtHO
OTMETUTb, YTO H TNONUBITKH YacTHYHOro oObeluHEHHS HAEH CTOJb
pAa3JHYHBIX TEOPHili YBEHUAJHCh OTPOMHBIM, XOTs H HECKOJABKO He-
OXKHAAHHBIM, ycrexoM. ['oBops o0 ycnexax pejsiTHBUCTCKOH KBaH-
TOBOH TEeOpHM, A HMEI0O B BHAy TIJaBHbIM 00paszoM NpelioXkeHHOe
Hupakom mnpocrefilliee, pesiTHBHCTCKM HHBAPHAHTHOE YpaBHEHHE
JUIST OTJeAbHOM YacTHIB (3/71eKTPOHA), MO3BOJSIOILee yUYecTb CIIHH
vactuunl [1, 2], xpome Toro, nanHoe Ilaynu n0KasarenbCcTBO, UTO
npocTeiiliuii cnoco6 KBAHTOBAHHSA YpaBHEHUs IJs OTAeNbHOH ya-
CTHUB €CTeCTBEHHO INPHUBOAHT K cdopmynHposanHomy Ilayam mo-
cTyJIaTy KBHBAJEHTHOCTH AJs BCeX YACTHL M K NPHHIUNY 3dmpe-
Ta JJS YACTHIL ¢ MNOJYHUeNnuM crnuHoM [3—D5], a TakkKe peqsATHBHCT-
CKH HHBApPHAHTHBIE METOALl TEOPUM BO3MYLIeHUi, paspaloTaHHble
Tomonara, llBuHrepom u PellHMAHOM M TNO3BOJHBIIHE OIHCATH
TOHUAMIIKe JeTajJu CTPOEHHS 3JMEKTPOHHBIX CHOEKTPOB BOJAOPOAa H
Ipyrux sjeMmeHToB [6]. OnHaKo, HeCMOTPsS Ha BCIO BaXKHOCTb 3THX
OOCTHXEHHI, A He OyAy H3aararh NOAPOGHO MOJYueHHble pe3yJib-
TaThl, a NONBLITalOCh HAPHCOBATh OOIYI0 KapTHHY COBpPEMEHHOro
COCTOSIHHSI CTOJIb BaXKHOH o6JacTu (PU3UKU. B yactHOCTH, 9 mocra-
paloch NPOCAENHTb NMEPEX0] OT KA4aCCHYECKOH (U3UKH K TEOPHH OT-
HOCHTEJBHOCTH Ha TNpHMepe KBAHTOBOMEXAHWUECKHX YPaBHEHHII
3JIeMEHTapHBIX YaCTUIL M UHBAPHAHTOB »THX ypapHeHuil. Cuayana
s pacCMOTPIO KJIAaCCHYECKYIO TEOPHIo, a 3aTeM MOAPOOHO ONUILY re-
pexoj K CrelHaJbHON Teopuu OTHOCHTeNbHOCTH. [lpexpe yem mpu-
crynath K o0cyxjeHH0 o6lLiefl TEOPUH OTHOCHTEIBHOCTH, MBI H3Y-
yPM KBAHTOBOMEXaHHYecKHe cpolicTea npocrtpaHcts jge Currepa.
ODTO MO3BOJHUT HaM MOCTPOMTbL HauboJiee TOUHYIO MAaTeMAaTHYECKYIO
Mozenb OOLleH TEOpUH OTHOCHTEJNBHOCTH, He MNpHGeras BMecTe C
TeM K IOJHOH nepedOopMyNHPOBKe HAUIMX HPEACTaBJCHHH o Mpo-
crpaHcTBe u BpeMend. OaHako ciefyeT MOAYEPKHYTb, UTO MpH pac-
¢cMOTpeHHH npoctpaHcTB jJe CHTTepa Mbl ellle He CTaJKHBAEM(s
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C TEMH BeCbMa Cepbe3HbIMH JIOrHYeCKHMHU npobaemMaMu, KOTOpble BO3-
HUKAIOT MpH TONHOM BKJIIOYEHHH ryGokuX duanueckux uael 00-
Well TEOPUH OTHOCHTENBHOCTH B €AMHYIO CXeMy pEeJISTHUBHUCTCKOH
KBaHTOBOH Teopud. IDTH mnpobsaeMbl GYAyT cJerka 3aTPOHYThbl B
KOHLE 0K/1a/1a.

B ocHoBe GoJbiueft 4acTH MOEro aHajiu3a JEwHT HAes KBHBA-
JIEHTHOCTH MeXJy KBAHTOBOMEXaHHUECKHMM YpaBHEHHAMU JJA OA-
HOH 4YacTHHbl M NPOCTEHUIMMH — TaK HasblBaeMbIMU HeNPUBOLH-
MBIMH — HPeACTaBAeHHAMH (C TOYHOCTBIO JO MHOXKHUTEAA) rpymmbl
CHMMETPHH TOTO MHPa, B KOTOPOM 3TH YDaBHEHHs MPHMEHSIOTCH.
Heckonbko Hepenb ToMy Hasafa !) a4 yKe uMes BO3MOMXKHOCTh H3JO-
JKHUTh HEKOTOpble aCHEKThl CBOHX B3IVISAOB H MO3TOMY MOCTApaloch
He nosTopsitheA. HaunGosee BaxKHBIM MOMEHTOM $I CUHTAI0 PacCMO-
TPeHHe C OJHHX W TeX XKe TO3HLHI NMpeo6pa3oBaHHUA BEKTOpa CO-
crosinpa  (WIH BOJIHOBOW (YHKUHMM) INOA JEHCTBHEM BCeX 3J/EMeH-
TOB IpyNnbl CUMMETPHH Haulero «mupa» (cm. [9, 10]). Onuum u3
TaKHX [peo0pasoBAHUH CAYKHUT <«TeueHHe BPEMeHH», T. e, CABUT
BpeMeHHON ocu. VMeHHO 3To mpeo6pasoBaHue mpeacTaBjasger oOcC-
HOBHO! HHTepec B 60J/lee IPHBbLIMHOM BapHaHTe TEOPHH, oJHaKo 6o-
Jgee rayGokoro MOHMMAHUS CMBICA PEAATHBHCTCKON HHBAaPHAHTHO-
CTH MOXHO AOCTHYb, JIHIIb PAacCMOTPEB 3TO MPeoOGpasoBaHHE HE B
OTAENBHOCTH, @ B CBfI3H C JPYTHMH DPeISITHBHCTCKHMH [peoOpaso-
BaHHSIMH. :

[lpexxjie ueM NPUCTYNATh K OCHOBHOM UYacTH CBOEro AOK/1aja, fl
X0oTea Gbl MOACHHTb CBOK MLICIb HA OJHOM NMPUMEPE, OCHOBAHHOM
Ha CreuHalbHON TEOPHM OTHOCHTeNbHOCTH. Haunem ¢ omeparopa
6eCKOHEYHO MaJioro CABHI'a BO BpEMeHH, Hrpamoulero ocob6o Bax-
HYI0 poJb B GoJsiee TpaJMUHOHHON (QOPMYJHPOBKe Teopuu. Mz 06-
KX NPUHUUNOB KBAHTOBOH MEXAHUKH CJeAYeT, 4yTO 3TOT MHGUHU-

) Jokaax Obl1 TMpOYHTAaH Ha KOHrpecce MeXAyHapOANOrO cOK03a 4HCTON H
npHkJIafHoit ¢usuky, cocrosBluemcs B Iluse ¢ 13 no 17 mioHa 1955 r.; cM. pa-:
6ory [7]. Cnenyer OTMeTHTb, UTO cOOOpaKeHHs, 0 KOTOpbIX NMOHIZET peup B 10O+
Knajfe, NMPHMEHUMbl He TOJBKO K JOMYCTHMEIM COCTOSIHHUSIM OTIE/JbHOM YacTHIH,
HO W KO BCeM HalopaM COCTOSIHHIH, B KOTOPBIX YHCJAO 3J€MEHTOB HACTOJbKO MaJo,
HACKOJNbKO 3TO COMIACyeTcsl ¢ MPHHILHUNOM CYNEepPNO3HUHH ¥ C PEeISTHBUCTCKON HH-
BapHaHTHOCTbIO. Tak, HanpuMep, OHW OJAMHAKOBO XOPOIIO NPHMEHHMBI KO BCEM CO-
CTOSIHUSM IBHXKeHusl aToMa KHCJIOpopa (MM mouTH JMo60ro Apyroro atoma), Haxo-
JsINerocss B OCHOBHOM cOCTOsIHMH. TpeboBaHMe 0 «BO3MOXKHO ManoM» HabGope co-
CTOSIHHH UCKJAIOYaeT COCTOSIHHE JBHXKeHHs1 aTOMa KHCJIOpOAa, HAXOAALLErocs B ABYX
WM GoJsiblieM yHcse BO3OYXKAEHHBIX COCTOSHHH, NOTOMY YTO M3 HHX MOXHO Bbl-
6path MeHbIIMHA HAG0OD COCTOSIHHH, MJA KOTODHIX GYyReT BBLIMOJHATbCA NPHHIHMI
CYNepno3HIUH H KOTOPbie K TOMY XKe [ONYCKAIOT PeJATHBUCTCKH HHBapHaHTHOE
OMHCAHYE: HCIOML3YA TEePMHH OCHOBHOE COCTOSIHHE», Mbl flaeM HMEHHO TaKoe pe- .
JIITHBHCTCKH MHBapHaHTHOe ONHcaHHe Habopa. DTHM H oObsCHAETCS, [IOYEMY BBIpa-
JKeHHe «OTAe/bHasl YacTHIa» ObUIO COYTEHO HEAOCTATOUHO IIHPOKHMM AJIS1 OMHCAHHA
CHCTEM, K KOTOPbIM MPUMEHHMBI HAIlH COOOpaXKeHUs, U MBI MPEANoYsn Ha3BaTh ITH
CHCTEMBI «3JleMeHTapHBIMH», OTAeNbHbIE YaCTHULI ABJSIOTCH JHIIb HaHGOMee BaX-
HBIMH (DU3HYECKHMH CHCTeMaMu 3Toro tuna. Dosee noipoGHo O NOHATHH 3/eMeH-
TapHOil cHCTeMbl cM. B paGoTe [8]. ) -
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TeauMaJbHblil onepatop umeer Buj f/fi, rie H — HEKOTOpHIE caMo-
conpsixkeHnblii onmepatop. Orciofa a8 BeKTOpa cocTofiius @ no-
JlyuaeM H3BeCTHOe ypaBHeHHe

. 00
157 = HO. (1)

Ecau P, u vy — cobcTBeHHble QYHKIHM H COOCTBEHHLle 3Haue-
Hust onepatopa f, to oblliee pelleHue ypaBHeHust (1) MoXHO 3alH-
caTb cpasy xe. OHo nmeer BUJ

O =2 ae” "y, (1a)

rjae ap — NPOH3BOAbHBIE [IOCTOSTHHbIE. DTO — NMOJHOE  pelieHue
ypaBHeHH# [BHXKEHHS, OJHAKO €ro Hejb3s Ha3BaTh NOJHLBIM peuie-
HueM ¢u3HUeCKOH mpobyaeMbl, NOCKOAbKY (pH3HYECKHe CBOUCTBA CO-
CTOAHUN v, HeussecTHbl, VHBIMH cjaoBaMH, ypaBhenue (la) roso-
PHT O TOM, Kaxk MPOHCXOAHT ABHIKCHHE, HO YMaauyuBaeT O TOM, 4TO
JBUKETCH.

3nech peuraioliiee 3HayeHue NMPHOGPeTaeT CBA3L MeXIy omnepa-
TOPOM C/ABHI'a BO BPEMEHH H APYTHMMH pPeJATHBHCTCKHMH OHEpAaTO-
pamu. M3 Hee Mbl, HanpuMmep, y3HaeM, 4To HH(QUHHTE3HUMAJbHbBIE
onepaTtopbl CABHFOB BAOJb NPOCTPAHCTBEHHbX ocefl iPy, iP,, iP,
KOMMYTHPYIOT ¢ onepatopoMm ff, u6o HE3aBHCHMO OT TOI'0, B KaKOM
nopsiike Mbl Oy/leM NPOU3BOAUTHL CIBUIH B IPOCTPAHCTBE M BO Bpe-
MeHY, Pe3yJabTaT MOJAYYHTCH OAMH M TOT Ke. M3 atoro 3aMeuaHud
CJIeLYET, UTO BCE Wy, KOTOpble MEPeXoldsaT ApPYr B jJpyra mnoia Aed-
CTBHEM C/BUrOB, OTBEYdIOT OJHHAKOBBIM COGCTBEHHBIM 3Haye-
HHAM vi. CaM 1o cefe 3TOT pe3ysabTaT TPUBHAJIEH, HO pPacCMOTpeHUe
coOGCTBEHHbIX npeo0pasoBaHuil JlopeHua H BpauleHu# NPHBOAUT
K Gosiee 3HAYUMBIM Pe3yJbTaTaM M N03BOJSET YCTAHABJAUBATh (PH3H-
YeCKH BaXkHble CBOWCTBA COGCTBEHHLIX (yHKUUHA Py, eciin HaGop one-
paTopoB, COOTBETCTBYIOIIHX BCEM pEeASTHBHUCTCKHM [peo0pa3oBa-
HUsSIM, HenpuBoAuM [8]. B 3ToM u 3akjaouaerci CYMWHOCTh TOH
NO3ULKUH, C KOTOPO# f X0Uy CPaBHHTh KJIACCHYECKYIO M PEASATHBUCT-
CKYIO0 KBAHTOBYIO TEOPHIO.

O6Gosnauum uepes U, n U, yHuTapHble oneparopbl, COOTBET-
CTBYIOIIHE JABYM DeJsITHBHCTCKHM MpeoOpa3oBaHusm r u S (HMH,
HapHUMep, MOTYT OLITh YyiKe ymoMuHaBuuecs cipuru). Torma omne-
patop U, orBeuaiollyfi npOW3BELEHHIO rS [BYX peEJIATHBHCTCKHX
npeoGpasoBanuil, oueBHAHO, OyleT YAOBJACTBOPATL COOTHOLIEHUIO

Us= UrUs-

UpespbiyaliHO BaXkeH TOT (DaKT, 4To 3TO COOTHOIIEGHHe He SB-
Jgsiercsi HeOOXOANUMBIM CJEJACTBHEM OCHOBHHIX IIOCTYJIATOB KBAHTO-
BOM TEOpHHM M HHBapHaHTHOcTH ypaBHeHu#. HaoGopor, mockonbky
BEKTOpbl  COCTOSHHSI ~ COJAepKaT HeonpejeJeHHbHl  MHOXUTENb,
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KBaHTOBasi TeOpHA H COO6pa}KeHI/Iﬂ CUMMETPpHH NPUBOAAT JIHIIB

K COOTHOIWIEHHIO '
Urs = (f, S) UrUs’ (2)

rae o(r,s) — GyHKUHA (c-uuc/I0), 3aBucsllasg or + U S. B mare-
MaTHKe 06 YHHTApHHIX ONepaTopax, YAOBJETBODSIOIIUX paBeH-
¢TBY (2), rOBOPST, YTO OHH C TOYHOCTBIO O MHOXKHTeNs1 00pasyioT
(ynurapHoe) mpejacTaBsenue rpynnb cummerpuu. [1oatomMy Bech no-
caeAyouuiA aHanu3 OyaeT OCHOBAH Ha pPacCMOTDEHUHU MpecTaBJe-
HUH (C TOUHOCTBIO 10 MHOMKHTEJS) TPYNNBl KJaCCHUECKOH MeXaHHKH
(ranuseeBofl TpymNmbl), TPYONB CHEUHAJALHOH TEOPHH OTHOCHTE/b-
HocTH (HeogHOpoAHOH rpynmel JlopeHna wiu rpynnsl IlyaHkape),
rpynnel cuMMerpuu npocrpaHcTBa jae Cutrepa u 1. a. Haumem c
KJ1aCCHUECKOH TEOpHH.

KJIACCHMUECKASA TEOPHS

B 3TOM c/yuae rpylna CHMMeTPHH COCTOHT H3 npeoGpasoBaHuii
CHMMETPHH €BKIHI0BA NPOCTPAHCTBA, T. €. W3 BPALIEHHA M CABU-
rop u npeo6pasopanuil [anmiesi, T. e. npeo6pPa3’OBaHHil, OMHCHI-
BAIOIUX Mepexoj K ABHKYLIefcss cucreme KoopauHart, B matpuu-
HOH 3aHHCH BCe HAa3BaHHBle NMPeo6pa3oBaHHsA HMEIOT BHI

[Riu Ry Ris vy a, [[x] [x7]
Royy Ry Rez v, ay Yy Y
Ry Ry Ry v, a, z |=| 2| 3
0 0 0 1 o ¢ v

0 0 0 0 1 1 Lt

Bynyuu npuMeHeHHOH K BEKTOPY ¢ KOMIOHEHTaMH X, Y, 2, ¢, 1,
Takasg MaTpula MopoXKAAeT BEKTOD, MOCAELHsT KOMIOHEHTa KOTO-
poro cHoBa paBHa l. ITa KOMNOHeHTa He UMeeT QPU3UYECKOTO CMBI-
c/1a U BBOAMTCH HMCKJIIOUHTEIBbHO H3 cooOpaKeHu# Marematiie-
CKOro yao6crBa. [lepBrle e yeTblpe KOMIOHEHTHI BEKTOpa Y,
2’, ', 1, nosmyuaollerocss M3 BeKTOpa X, y, 2, ¢, | npu IIeI/ICTBI/II/I Ha-
Ilell MATpPHLbL, YKA3blBAIOT 3HAUEHHUS npeo6pasosaHHb1x KOODJAMHAT
x', y', 2, ¢. BeanunHbl R Ha3blBaloTCs KOMIOHEHTAMM MATpPHIbI
BpallleHHsl; OHU OIHUCHIBAIOT I[IOBOPOT, cojepxamuiica B 00606-
eHHOM npeoGpasoBaHuu [anunes; vy, ¥y, U, — KOMIOHEHTH CKO-
POCTH BTOPOH CHCTEMBI KOOPDAHHAT OTHOCHTE/IbHO NepBOH, a mapa-
MeTpBl @ — CABHI Hayaja BTOPO#i CHCTEMBI OTHOCHTEJIbHO HAuyaJa
nepBofl BO BpeMeHM M B mpoctpaHcTBe. I'pynnma marpuy BuAa (3)
HaspiBaercss rpynnoit Tanuied. DTo u ecTb rpynma CHUMMETPHH
Kimacedyeckoll  MmexaHuku. HcciegoBanue mNpencTaBJaeHHEl ¢ TOY-
HOCTBIO 10 MHOXHTeJNd rpymnbl [anuies OPUBOAUT K YIAHBHTENb-
HOMY pesyabtaty [l1]: cyumlecTByer ABa u TOMBKO fABa THHA Tpei-
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craBjeHuil. IlepBblil TN — MpOCTeHIUHi M3 BO3IMOXKHBIX: onepa-
TOPbl  TAKOrO  NPEACTABJEHHS YAOBJAETBOPAIOT  COOTHOLICHHIO
UUs= U, rtine r u s— mobele aBa npeobpasosanus [anuies.
B uacrdocrtH, eciu r — NpOCTPAHCTBEHHbIH CABHT, a S — MEPEXOf
K JBHXKYIUeHcst cucreMe KoopauHaTt, To U, u U; KOMMYTHPYIOT.
B npencrasiaenuax BTOPOTO THNa NPOCTPAHCTBEHHBble CABHMM H He-
PexXoabl K ABHIKYLIEHCA cHCTeMe KOOPRMHAT He KOMMYTHPYIOT: Mpo-
U3BEJCHHSA 3THX OIepaTOpOB, B3ATHIX B PasJUYHOM MOPAIKE, OTIH-
yalTCcsd MHOMKHTENEM

wir. s .

cE e 4
rjge #1 — NpOU3BOJbHAA BECLIECTBEHHAs MNOCTOSHHAsA, YpaBHEHHe
[Ipenunrepa (415 OAHOH YACTUIBI) NPUHAMJIEKHT KO BTODOMY TH-
ny, a BeJMYHHA /m, BXOAsuast B GopMyay (4), uMeer CMbICa1 Macchl
yactuubl. HMccnenoBaHue mpejacTaBleHHH BTOPOTO THNA, B OOLIHX
yepTax HaMedeHHOe BO BLDENEHMH, IPUBOJAUT K OOBLIYHBIM ONEpaTo-
paMm JuIsi MMIyJbca, CKODOCTH, 3HEPTrud M KoopiauHat. Hamnpumep,
yTOOB!l NOJYYHTL ONEpaTopbl KOOPAHUHAT, HEODXOZHUMO HAHTH TpH
KOMMYTHPYIOIIHX MeX1y coboii onepatopa, npeo6pasylomuxcs
npu nosopotax Kak BexTopbl. CABHr Hayasa KOODAMHAT Ha BeK-
TOP @ AOJKEH H3MEHSIThb 3TH ONCpPaTOphl Ha AAJUTHBHYIO TOCTOSH-
Hyio a. KpoMe TOro, HCKOMble ONepaTopbl JOJKHLl OCTaBaThesl HH-
BAPHAHTHEIMH MPH MEePexolax K ABMIKYIUCHCS CHCTeMe KOODIHHAT.
CylllecTByeT TOJABKO OAUH Habop H3 TpeX ONEpPaTOPOB, Y/AOBJETBO-
pAIOLMX BceM TpeGoBaHUAM. IDTH ONEPATOphl COoBHafawT ¢ o6bly-
HBIMH OMepaTopaMy KOOpAUHAT. AHAJOTHUHO MOXHO ONPEAENHTb M
OfepaToph MMIY/JAbca H CKOPOCTH. MIX OTHOWIEHHE paBHO BeJHYHHE M,
Bxoasiwefl B popmyay (4).

Urak, curyanus ¢ npeacTaBieHusMU BTOPOro THIIA BHOJHE YAO-
BJETBOPUTE/IBHA, HO TE€ JKe NMOCTYJaThl J/15 NPEeACTaBJIeHHl MEepBOro
THNA He BhLINOAHAWTCH. B runp6epToOBOM MNPOCTPAHCTBE MPEACTAB-
JIGHH! NepBOro THIA He CYLIeCTBYET TPOeK ONEepaTopoB, YAOBJAETBO-
PAIOLINX, HaNPHMep, YCAOBHSAM, MEepPeudcJeHHbLIM JIsf OIepaTopoB
umnynaoca [12]. Vndunuresumanbabie OnepaTtopsl CIABHTOB Py, Py,
p. TpU Tepexoie K ABIXKYILEHCs CHCTeMe KoopauHat mnpeobpa-
3yl0TcA Kak

p—>p, e—>et+p-v,

T. €. oMmepaTopbl NPOCTPAHCTBEHHbIX CABHIOB NP TakKux mnpeobpa-
30BaHUAX OCTawTcsl HeusMeHHbIMH. OTCIOAa ¢ HeoGXOAUMOCTLIO
caefayeT BBIBOA O TOM, 4TO NPEACTaBJEHHst NEPBOTO THIA HE HMEIOT
(hU3UUECKOTO CMBICJa W 4YTO He CYLIeCTBYeT YAaCTHIl, BEKTOPHI CO-
CTOAHHSA KOTODBHIX MOA AeitcTBueM mnpeobpasoBanuil [Naaunen npe-
06pasyloTcsl 1Mo NpeAcTaBieHuio nepsoro tund. Iloka stor pesyas-
TaT Kaxercda HaM 0060co0JeHHbIM, TO QH NPeACTAHeT B HQBOM CBeTe,
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Korja Mbl OyneM paccMaTpHUBaTh KJACCHUECKYI0 MEXaHHKY Kak
npenenbHbl cayyall CnielHaJbHOH TEODHH OTHOCHTEJIBHOCTH.

CITEIIMAJIbHAS TEOPUHA OTHOCUTEJIBHOCTH

[pynma cumMmeTpun B 3TOM cJyyde COCTOHUT M3 KOMOHHaLUfi
NPOCTPAHCTBEHHBIX M BPEMEHHHEIX CABHIOB ¢ OOGBIYHBIMH (OLHOPOA-
HbIME) npeoGpasoBanusmu Jloperua. Ilocnendse B cBOWO ouepenb
UMEIOT CMBIC KOMOMHAUMH BpallleHui u nepexofos K ABHXKylielcs
chucreMe KoopauHar. IlpeoOpasoBaHus TPYNIBI CHeUHaNbHOI Teo-
PHH OTHOCHTEJNBHOCTH MOXKHO 3aMHCATh C NMOMOLIbIO MaTPHUIl BHAA

AL Ap A Ay a T x [TX7]
Agy Ay Ay Ay ay Y 174
Ay Ay Ay Ay a, z =] 2 | (5)
Ay Ay Ay Ay t v

I 0 0 0 0 1 1 1

(TocnenHsis KOOpAWHATA, KAK 4 NpeXKie, BBejeHa Aas 00/bliero
MaTeMaTHUYeCKoro yaof6crBa. DAeMeHTH A 03HAYAIOT KOMIIOHEHTHI
ONHOpPOJNHEIX mpeo6GpasoBaduil Jlopenua, T. e. mpeo6pasoBaHui,
OCTABJSAIONIUX HHBAPUAHTHOH KsajpaTuunyio cdopmy x2+ y2+
+ 22 —1% (oTpaKeHus, WM WHBEPCHHM, MBI [OKa HE paccMaTpH-
BaeM). HMsBecTHo, yto ranujeesnbl npeo6pasoBaHus (3) MOKHO CUH-
TaTh MNpefeJbHBIMH ciyuasmu npeo6pasosaHuii (5). HMurepecno
npocaenuTh, Kakum obpasom mnpeiacrabdeHus rpynnst [anunes Bos-
HHKAIOT W3 npejcTaBjeHuli (5) B pe3ynabTaTe MpeJenbHOro mepe-
X044, T. €. KakuM 00pa3oM KBAHTOBAas TEOPHsl KJAaCCHUYECKOH (H-
3HKH BO3HHKdeT KakK TMpeJesbHbIA Cyuall KBaHTOBO# MEXaHUKH
creuMasbHON TEOPHH OTHOCHTE/TbHOCTH.

Hu onxo npexncrasaenue rpynnnl IlyaHkape (5) He umeer MHO-
JKUTEJISI, aHAJOTHYHOrO MHOXHTeqo (4) rpymnnel Fanunes, HaoGo-
pOT, BCe MpeicTaB/ieHHs HeoRZHOpoAHO# rpynnel JlopeHua (ona
xe —rpynna [lyaHkape) MOMXKHO HOPMHPOBATHL TAaK, YTO COOTHO-
HIeHHe

UUs= =U, : (6)

6yAeT BHIMOJAHATBCA AJAdA  JIOCHIX [ABYX npec6pasoBaHuii r u S.
C Apyrofi cCTOpOHB], NPEACTABJCHHS MOXKHO KJ1acCHPHUIHPOBAThL MO
3HAYeHHAM, TPHHHMAaeMblM JOpeHUeBOH CyMMOH KBaapaToB HH(HU-
HUTE3UMaJbHbIX onepaTopos CABHra :

B pi—p,—p,— P 7
dra BeqHYHHA MOKET 6bITb NOAOXKHTE/IbHON, PABHOM HYJIO HIH oT-
puilaTebHOH. )
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Tonbko nepsble ABa caydas Obliy HCCIeJOBAaHBI noApo6Ho. OKa-
3a/10Cb, YTO OHH 3KBHBAaJEHTHB YPABHEHHAM /I YaCTHL C MOJIO-
KHTeNIbHON W HYyJeBOH MaccaMu Nokos. Ecau cymMma (7) noJoXKH-
TeJbHa, TO ONEpPaTopbl HMMIY/bCA, CKOPOCTH H KOODAHHAT MOXKHO
ONpefieJUTh AaHAJOTHYHO TOMYy, KaK YyXKe TOBOPHIOCH B Caydae
ranuneeBoli rpynnsl. Ecau xe cymma (7) paBHa Hy.al0, TO onpene-
JHTb OMepaTopbl KOOPAHHAT B HEKOTOPHIX cAyuasix OblBaer HEBO3-
MOXHO, HO YAOBJETBOPHTb BCeM [OCTYJAaTaM /114 ONepatopos
HMIyAbca W CKOPOCTH yJaeTCst BCETAa, UPUYEM OJHHM H TOJbKO
oAHHMM crniocobom. [Ipu nepexoge ot (5) k (3), T. e. npu ob6palueHHH
CKOpPOCTH CBeTa B 0ECKOHEYHOCTb, TOJNBKG 4TO OMHCAHHblE MpeAcTa-
BJEHUA NEPEXONST B [PeACTABJICHUS TaJUACEBOH TPYIMMIBL

CooTBeTcTBrE MEXKAy MPEACTABIECHUSIMH HMEET CJAeAYIOIHKi BUA
(13}

Pi=py— P, — pz=m*>0, ©=eimavy
p; — p2— p,— p, =0, KoHeuHblll cnuy, o = eiSav,
p;— pi— p. — p, =0, Oeckoneunnlii cnuy, o=1;

p;—=p;—p;— p3<0, o=1;

rie o — BeJIHYHHa, BXoAswias B ¢opmyay (4). [lpencraBnenus,
OTBEYaIollHe TIOJOKHUTENbHOA o OOGbIUHOH, HYJAEBOH Macce MOKOf,
HMeIOT pa3yMHBIH HePeJATHBHCTCKHR npefet. B ocraabubIx cay-
yasx [pefejbHbll MePexXoi NPUBOAUT K NPEACTABACHHAM, B KOTO-
pbIX He/bss ONpele/HTb HH ONEepaTopa HMIy/abCca, HH OmnepaTopa
koopaunat. Cayuafi, korga cymma (7) OTpHLATeNbHA, T. €. KOTAd
HHOUHHTE3UMAJbHBIE ONEPATOPhl CABUIOB 00PAa3ylOT NPOCTpPaH-
CTBEHHO-NOJOOHEBI BEKTOpP, M0 OOLLEMY MHEHHIO, NPOTHBOPEUYHT YC-
jgosuaMm npuuunHoctd Kpamepca — Kpouwura. Hertpyano Buners,
YTO B 3TOM CJyuae PasyMHbIH HEPeJasTHBHCTCKHH mpenen TakkKe He
cyuecrsyer. OTciofa fCHO, KakKo# JoJXHa ObTb HHTepHperalus
HCTHHHBIX TpeicTaB/teHuil rpynnol [anuies (1. e. /s KOTOpBIX
npu Bcex r MW s cnpaeennuBo cootHouwenue U,U; = +U,): oHu
CYKAaT HEPEASTHBUCTCKHM MNpelejOM peJdTHBHCTCKHX YaCTHL ¢
NPOCTPAHCTBEHHO-NIOO6HEIM HMIYJbCOM, JJISi KOTOPhIX HapyllaeT-
csl NPUHUHI NPHUHHHOCTH.

Yro6bl NOAHOCTHIO 3a4aTh NpeAcTaBjaeHue (MJAH HKBHBAJIEHTHOE
eMy YypaBHeHHe), HEOGXOAUMO [IOMHMO MAacChl YK434Th ellle CIHH
yactulis! S. Eciu Macca, MOKOs MOJOXKHTENbHA, TO Y4CTHLY MOXKHO
CUMTaTh MOKOAUleHicd, u TOTAa YHCAO ee COCTOAHUH paBHo 2S + 1.
Ugcno coctodHuil npu Ja060M 3aJaHHOM HMNYJbCe TaKXKe pPaBHO
2S + 1. Ecau *Xe Macca MOKOsi paBHa HYJIO, TO npu Beex S 2> 1/,
CYLeCTBYIOT JIMUIb JBA PAa3jIHUHbIX COCTOSHMA 4acTHubl. YacTuuy c
- HyJIeBOi Maccoil TOKOsl, pa3ymeeTcsi, Hejb3sl paccMaTpHBaThb B CH-
_¢TeMe moKod. TeM He MeHee CTO/Ib CHJbHOe pasfuyHe B [OBEJEHHH
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YacTHIL ¢ HYJIeBOH M KOHEYHOH MaccaMu MOKos ciaenyer oObsICHHUTh
HECKOJIbKO NoApobHee.

Ecsy vacTtuila HAXOAUTCS B COCTOSHHH MOKOS M CIIMH €e B JIo-
6OM HamnpaBJeHWW UMeeT BHOJHE ONpeleseHHOe 3HAYeHHE, TO
25 + | cocTosiHME yacTHLBI MOXKHO TOJY4HTb, HaOJI0Nas ee U3 CH-
CcTeM KOODAHHAT, MOJYYAIOWHXCSA H3 HCXOJHOH CHCTEMBI KOOD/JHHAT
nocjae CcOOTBeTCTBYMollero moBopord. OpHAKoO ecad yacTHia ABH-
KeTcsi O4eHb OBICTPO, T. €. €CJd NPOCTPAHCTBEHHAs M BPEMEHHAsS
KOMIIOHEHTH ee HMUyJbCca MOYTH PABHBL, a ee CIHH HMeeT BIIOJHE
onpeeseHHYl0 HpOeKUHIo Ha Jio00e Hampas/lieHHe JBUXKeEHHs 4a-
CTHUB, TO CHTYyallUd CTAHOBHTCA WHBAapHAHTHOH OTHOCHTE/HHO
BpalleHuil. UToGpl 3aMeTHO U3MEHHTh CNUH B HANPaBJeHHH ABHXKe-
HUSI, YaCTHLY HeoO6XOAHMMO paccMaTpHBAaTh B CHCTeMe KOOpPJHHAT,
OTHOCHTE/JBHO KOTOPOH OHa HAaXOJHUTCS TMOUTH B COCTOSIHWH TOKOf,
T. €. ee CKOPOCTb CYLECTBEHHO MeHbllle CKOPOCTH CBeTa, Ecau Mmac-
ca TOXKOS YacTHUBl paBHa HYJIO, TO 3Toro caenartbh Heanss. Ciefno-
BATeJbHO, CIOHH YaCTHUI ¢ HYJEBOH Maccoid MOKosi B HanpaBJEHHHU
MX JIBUXKEHHS SBJAETCH PENSITHBUCTCKON XapaKTePUCTHKOH TaKuX
yacthl. To 06CTOATEJNBbCTBO, YTO YACTHILB ¢ HYJEBOH MAaccoil MOKOA
HMeIOT BMECTO OJHOTO ABa HAMpaBJeHUs [oJsSpu3aluy, obyc/10Bae-
HO CUMMETPUEH OTHOCHTENbHO oTpameHus, OTpakeHue MEPEBOLUT
cnud S B HanpapjgeHWH ABMXKEHHSI YacTHUBI B CHHH -—S B TOM ke
HanpasaeHuH. B ciyuae KOHEUHOft Macchl MOKOS COCTOsiHHE —S
(Tax Ke KaK ¥ BCe OCTaJbHble HANPaBJAEHHS) MOXKHO TaKKe MOJY-
UYTh, IPUMEHHB BPallleHHE; YeTHOCTb €CTh OTHOLIEHHE BEKTOPOB CO-
CTOSIHUSA, MNOJYUYEHHBIX INpU BpallleHun u oTpaxKeHuH. Tlockoabky
Hnpu HYJEBOH Macce MOKOs COCTOSIHHE —S Henb3sl MOJYUUTh U3 CO-
CTOSIHUST S BpalleHHEeM, UYacTHIbLl C HYJEBOH Maccoii HOKOs He
UMEIOT YETHOCTH WM, TOuHee, 06/aJalOT COCTOAHHSAMH, KOTOpLIe
ABJSIIOTCS OAHOBPEMEHHO M YETHbIMH H HEUETHBIMH OTHOCHTEABHO
OTpa)KeHHsl NPH OJHHX W TeX JKe 3Heprusax u umny/abcax. Mmeercs
JHIIL OAHO HcKJaloueHue: uvactuua Knelina — lopgona (S = 0).
191 Hee oTpaKeHHe He MOPOXKAAeT HOBOTO BEKTOpa COCTOSIHMSA, a
BOCIIPOU3BOJNT CO 3HAKOM ILJIIOC WM MHHYC HCXOJHbI.

[Monspuzauus ObBICTPO ABHKYUIEHCS YacTUIB! MOJ JeHcTBHEM
He CJIHIIKOM <«CHJIBHOTO» npeofpasoBaHusi JlopeHua NMOYTH He Me-
Hsiercsi; 3T0 0coBEHHO Jerko BHIAETb Ha NpuMepe sjaektpoHa du-
paka. Eciu cocrosiHMe ¢ MOJIOXKHTEJAbHON nojspu3aliueli B Hanpas-
JIEHHH [BHMKEHHS Da3/OXKHTb MO COOCTBEHHBIM (YVHKLUHUAM orepa-
TOPa y = IYVxYyYz TO MOAYJIH Ko3(hunuenror 6yLyT paBHB

prtm+p ptt+m—p (8)
1 ] . .
[4pe(p+m)] " [4ps (pr+ m)]™
BeKTop cocTosiHHsI, AJIi KOTOPOro y = l, OCTAHETCH BEKTOPOM

¢ y=1 u nocne sbinojnedus mpeo6pasoBanus Jlopenua. To xe
BEeDHO M AJiA BeKTopa cocTofiHMa ¢ y = —1. Ecan koadduiument
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OPH MEepBOM BeKTOpPe MpAaKTHYECKH paBeH 1, To u mocae npeobpa-
soBaHusi JlopeHna, He M3MeHSIOUIETO AJMHHY BeKTopa ¢ y = 1, 3TOT
kKosdpuuuent ocraHercs 6au3kuM K 1. OTciofda cjelyer, 4ro NpH
TaKux npeo6GpasoBaHusix JlopeHua mno/sipusaius CYLECTBEHHO HE
H3MEHUTCS.

310 MOXKHO BLIpa3WTh M HHAYe, MOKA3aB, 4TO HHTEpecywlee
Hac cBOHCTBO ABJAETCA CBOACTBOM rpynnbl JlopeHua W He 3aBUCHT
oT BbIOOpa ee NpelCcTaBJeHUs, T. €. BBIIOJHAETCS NMPH BCeX 3Haue-
HHUSIX cnouHa. PaccmorpuM dacTHly, HaxXoJsIHLYIOCS B COCTOSIHHH
NOKOSl U 110JISPH30BAHHYI0 B HampaBjeHudn ocu 2. [lojBeprHys ua-
CTHLY Apeo6pa3oBaHuio JlopeHua ¢ runepGOJTUYECKEM YIJIOM o,
coobUIHM efi CKOpPOCTh B Hanlpas/jeHHH ocu 2. [losnHee Mbl Oyaem
CUHTATB, YTO 3TOT YTOJ OUEHb BEJHK Y YTO YACTHLA CHJIBHO» Dess-
THBHCTCKA$, TIOKA Ke Mbl NOJYYHJIH YacTHIY, TOJIIPH30OBAHHYIO B Ha-
npaBJeHUH [BHIKEHHs, KOTOPOE COBNajgaer ¢ ocbio z. Yrobbl moay-
YUThb YACTHIY, IOJSPU3OBAHHYIO B HanpaBJeHHH CBOEro IBUKEHHUA,
HO Y¥Ke JABHXKYINYIOCS B KaKOM-TO JAPYrOM HampaBJeHdH, HeoGXo-
AMMO CHauaJja [POU3BECTH IOBOPOT U JA0OUTHCH KeJaeMOoro Hanpas-
JeHHsl NOJSIpU3aluy, a 3aTeM COOOLIUThL YaCTHLE CKOpPOCTh B HYXK-
HOM HamnpaBjeHUH. PelnsiTHBHCTCKYIO HHBAPHAHTHOCTb YTBEPIKACHHS
O TOM, UTO YacTHlla MOJSIPU30BAHA B HAMpaBJeHUH CBOETO [BH-
JKEHHS, MOXHO IPOBepHUTb cJejywllum obpazoM. HUacruue, ABHXKY-
Ileficsi B HANPABJAEHUH OCH 2 W NOJADU3OBAHHOH B TOM K€ Hanpas-
JIEHHH, COOGLIMM CKOpPOCTh B HANPAaBJIEHHH OCH X, MOJBEPIHYB ee
npeo6pasoBaHuio JlopeHua ¢ runepGosimueckuM yriaom e. CHauana
Mbl 6yJeM CYHTATb YroJ & NPOU3BOJBHLIM, HO 3aTE€M IpPENHOIOKHM,
YTO OH MHOTO MeHbllle yraa a. Hactuna mMorsa 6bl HAXOAHTbCA B TOM
€ COCTOSIHUH JIBHXKEHHs, ec/H Obl elt cHayasa COOGIIMIH CKOPOCTh
B HANpaBJeHHH, COCTaBJSIOMEM yroa ¥ C ocbi 2 (NOABEPrHYB ee
npeo6pasoBaHUIO ¢ THHepPOOJHYECKHM YIJIOM o), Tje

cha’=chache, sin®=chashe/sha’. (8a)
OjaHako HanpaBJ/eHHe MOJAPH3ALHH BO BTOPOM CJydae OTJIHYANOCH
68 or HampaBJ/ieHUs! NOJsPH3alHH B mepBoM. UToOb 06a Hampas-
JIEHUS] COBIAJH, CHCTEMY, NpeXJe YeMm NPHURABATH el CKOPOCTb B

HanpaBJaeHun ¥, He0OXOAUMO MNOBEPHYTH Ha yroa ¥ — 8, riae & om-
pelnesnsieTcsl U3 yCJOBHS

sind=she/sha’ =she(ch®ach?e — 1)7 2, (86)

[Tocneanee cielyer MpocTo M3 TOXKIecTBa AJs NpeoGpasoBanuil
Jlopenua

A(F, ) A0,0)=A®, o) R (@),

rfe yrabl o ¥ & TPOM3BOJBHEL, a yIibl o, & U 8 ompejensiiorcs H3
coorHoulenuii (8a) u (86); A(0, @) o3Hauaer mpeoGpasoBanue
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Jlopenna c runepGoJHyYecKUM YIJioM a (B JajbHelilleM — MPOCTO
«npeo6pa3oBaHye o») B HAnpaBJeHHH, JeXalleM B MJAOCKOCTH X2
H cocrapasmouieM yroa ¢ ¢ ocklo z; R(¢) — noBopoT Ha yroa ¢ B
naockocTH x2. Eciim 6bt yrosi 8 6bl1 paBeH HyJi0, TO YacCTHLA, MO-
JAPH30BAHHAS B HANpaBJEHHH CBOero ABMXKEHHs, MOCJE TOro Kak
HajJ Hell npousBesu npeoOpasoBaHHe «, OcTanach Obl MOJSPH3O-
BAHHOH B HAaNpaBJeHWM CBOEr0 HOBOTO JBHXXeHHs (B Hampasije-
HuU §) nocae BToporo npec6pasoBaHusi €. Ecau e yroa & oTinyeH
OT HYJISl, TO «COIVIACOBAHHOCTb» HANpaBJjeHU#l ABHXKEHHS U MOJAPH-
3auun Hapywaerca. OnHako yroa § oueHb MaJa, ecau ¢ K o, T. €.
Korja runepfo/MYeCKHi YroJ BTOpPOro npeo0pasoBaHHA HaMHOIO
MeHblIe TUIepOOoJHUYEcKOro yrja IepBoro, u ecad o > 1.

IMPOCTPAHCTBA JE CHUTTEPA

['pynna cummerpuu oGbluHOro npocrpaHcrea e Currepa co-
CTOHT M3 TPeoOpPAa30BAHUH, OCTABJAKLUX HHBAPHAHTHBIM an ae
Currepa:

Rty +E+ et —E#=RA
Ipynny cneuuanbHOH TEOPHH OTHOCHTEJNBHOCTH MOXKHO CYUMTaTh
npejieJbHbIM cjaydaeM CPYNIObl CHMMeTPHH npoctpaHctBa ge Cur-
Tepa B TOUHO TAKOM zKe CMbICJe, B KakoMm rpynny I'ammnes mMoxHO
CUMTaTh MNpeJenbHbiM CJyyaeM HeOAHODOJHOH rpynnbl Jlopedua.
DT rpynnbl OCTABJASIOT WHBAPDHAHTHBIMH CJelyioliue KBaJpaTHy-
Hble GOpMBL:
2P+t B+ P20, P2 el

YpaBuenvd, ¥WHBapHaHTHbie B NpocTpancTse Ae Currepa, uiu npei-
cTapjenus rpynnbl cuMMeTpuu npocrpancrsa jae Currepa!l) oGaa-
JaloT MHOTMMH HHTepecHbIMu cBoiicTBamu. Pasindne Mexpay ua-
CTHUIIAMHM C HEHYJEBOW M HYy/ieBOH Maccamu MOKOsi nepecTtaer ObITh
pPEe3KUM: YACTHLBl C OT/JIMYHOH OT HYJS MAacCOH IOKOs B IPOCTpaH-
crBe jge Currepa xapakTepusyloTcsd TeM, YTO HMX KOMITOHOBCKAs
JJIMHZ BOJHBI OYeHb Mana [0 CpaBHEHUIO ¢ pasMepamu Bcesennoil.
Eme Gosee 3ameuaTtesbHbl CBOHCTBA YAaCTHL OTHOCHTENbHO JHCK-
pPEeTHBIX onepanuil TPynnbl CHMMETPHH: NMPOCTPAHCTBEHHOH HHBEp-
CHH M ofOpauieHusi BpeMeHu. B uacTHOCTH, B NpPOCTpaHCTBEe Ae
Cutrepa TPyAHO COXpaHUTb TpeOOBaHHE MOJOXKHTEJNBHON ollpeneneH-
HOCTH 3HEPTHH WM 3aMeHsoulell ee BenuunHbl, [JTociaennee obGeros-
TEJbCTBO BPSIA JH BLI3OBET yAUBJCHUE, €CNY YUeCTh, YTO OJHO K TO
Xe npeo6pasoBaHHe, YCKOpsiollee XOA BPEeMeHM B OLHOH 4YacTH
IPOCTPAHCTBA, 3aMelJisieT XOA BpeMeHH B Apyrofi. Pusuyeckuit
CMEICJ 3TOTO sIBJEHUS CTaHeT sicHee Ha caelylolleM 3Tafle pas3BH-
THsl TEOPUH — NPH PACCMOTPEHHH OOLIell T€OPHH OTHOCHTENbHOCTH.

1y IlpeactaBierns Tpynmsl CHMMETPHH NpPOCTPAaHCTBa je CHTTepa Blepsble
nawen Tomac [14]. CMm. Takxe pabotu [15, 186).
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OBUWAS TEOPHSI OTHOCHUTEJIbHOCTH

K 3toit Teme 4 mnpucrynawo c¢ GOnbLIHMH KoJaeGaHHsIMH, MO-
CKOJIbKY B HacToflllee BPeMs HesiCHbl Jaxe OOliHe KOHTYPbl KBaH-
TOBOH MeXaHMKH, COrjacyolleics ¢ uaedMH obuieli TeOpUH OTHO-
cuTenbHOCTH. MHOroe u3 TOro, 4ro ObIO CKA3aHO W HANMCAHO HA
3Ty TeMmy, npaBujbHee Oblio 6bl HA3BATh PENSTHBUCTCKOH TeopHei
HACTHIL €O CNHHOM 2 (peJsTHBH3M IIOHHUMAETCH B CMbIC/e CIEeLH-
aJlbHOH TeopHu OTHOCHTEJNbHOCTH), a He NEPEHOCHTL Ha KBAHTOBYIO
TEOPHIO Bech KPYr HJAEHl M METOJIOB, BBHIABHHYThHIX IDIHLITEHHOM.

BospluuHerBo M3 HAac CYHTAIOT, uTo OOLLAs TEOPHS OTHOCHTEJb-
HOCTH OCHOBBIBaeTCA Ha JABYX akcuoMax. CorylacHo neppoil aKCHO-
Me DfiHIUTeHHa, KOOPAUHATH caMu N0 cebe He HMEIOT CMblcaa; He-
NOCPEJCTBEHHO HAaOJIOAaTh MOXKHO TOJbKO COBINAAEHHS B MNPO-
CTPAHCTBe-BPEMEHH W TOJBbKO TaKue COBHNAJEHUS M JOJMKHB OBITh
npeaMeToM (pusuueckod TeopuH. IJTa aKCHUOMa Hajaraer CTOJbCJ/a-
Obie OrpaHUuEHHs, UTO, €CAM TOBOPHTh CTPOro, ¢ Hefl corjacyercs
BCAKas (puaMyeckasi TEOPHs, B ToM uucie (Kaxk Mbl YBHAUM HHXe)
U COBpPeMeHHasi KBaHTOBaf MexaHuKa. Ilpu poKasatenbcTBe 3TOTO
YyTBEPXKAeHUs] Mbl OOHAPYXKHM, 4TO OHO BBINOJHSIETCS NMpPH HEKOTO-
PHIX BechbMa cHElHaJbHBEIX yCJOBHSX. X0TS B OOGbluBbIX siabopaTop-
HbIX 3KCIepHMeHTaX 3TH YCJIOBHS, KaK INpaBHao, cobJiogalorc,
OHH TEM He MeHee OCTAIOTCS ChelHaJbHbiMH ycaoBusamu. Heo6xo-
JUMOCTb BBITIOJIHEHHS 3THX YCJIOBHH aenaer OOBIYHYIO KBAHTOBYIO
MEXaHHKY BecbMa HCKYCCTBEHHOH ¢ TOYKH 3PEHHsl nepBOH aKCHOMBI
ditwreina,

Bropas akcuoma DiiHwTefina — 3T0 NPUHLMI 5KBUBAJEHTHOCTH,
OTJAIOIIMK TIPABHTALMH [PEATIOYTEHHE Iepe] BCEMH OCTaJbHBIMH
THIAMU B3auMoledcTBHsa. (OGocHOBaHHEM [OJS TAKOro Ipeanoy-
TEHHS CJYXKHT ocofad NPOCTOTa T'PAaBHTALHOHHOTO B3aHMOJAEHCTBHA
U PaBeHCTBO TPABHTALMOHHOM M uHHepTHOH Macc. CrpaBelJuBOCTb
3TOTO MNpHHIHNA B 00MacTH MHKPOCKONHYeCKON (H3HKH He
CTOJIb OYeBHJHA, KaK CHNPaBelJuBOCTb NMepBoH akKcuombl, I3pecTHO
MHOTO TpaBuUJ, BHINOJHSAIOIIHXCA ¢ 6OJBLIOH TOYHOCTBIO AJS 3J€K-
TPOMATHHTHOTO M JPYFHX THIOB B3aUMOJEHCTBHH; BIO/HE BO3MOXK-
HO, uTO ocofast poJb, OTBOAHMMAS TIPABHTALUOHHOMY B3aUMOJeEH-
CTBMIO, HCUE3HET, YCTYIHUB MECTO ellle HEW3BECTHON BbIClLieil rapMo-
uuu. Ilo stofi npuunHe s GyAy yaedasiTb OCHOBHOe BHHMaHHe Mep-
BO akcuome ONHLITEHHA: HENOCPEACTBEHHBIH (H3UUECKHH CMBIC]
HUMEIOT JIMIIb COBMNAJeHus, a4 He 3HAyeHUs1 KOOpAUHAT.

B srtoit cBA3u mpexpe Bcero cJeayeT 3aMeTHThb, YyTO €CjiH pac-
CMATPHBATb JHIIb KOHEUHOE YHCJIO YaCTHL, TO MEPBYH AaKCHOMY
OfHWITeiHA HeNb3s PACIPOCTPAHHTH JaXKe Ha KJACCHYECKYIO TEO-
puo. OcHoBHOfI BOHpPOC, Ha KOTOPHIK Teopusi AojxkHa Oblia Obl
aThb OTBET, MOXKHO C(OPMYyAHPOBATHP MPHMEPHO TaK: HMeercd
10 yacTuu; u3BeCTHO, YTO NPOU3OLLIK CTOJKHOBEHHs MeXAy 4YacTH-
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namu 1—2, 5—6, 3—6; nmpousoHAeT AH CTONKHOBEHHE MEXKAY ua-
crunaMu 1—5? Hu oAaHa w3 CyLIecTBYIOUIMX TEOPHH He NbiTanachk
JaTb OTBeTa Ha NoJoOHble BONPOCH Jla)ke B TeX C/ayyasx, Koria
YCI0BUS 3443yl LONYCKAKT HEKOTOPOe YTOYHEHHUE, HalpuMep KOr-
Jla H3BEeCTHA BpeMEeHHAS NOCAeJOBATENbHOCTh CTOJKHOBEHHH A/
KaXgok uacTuubl. Ilepexon or cueTHOH mocnefoBaTEIbLHOCTH COB-
nmajeHuifl K HeNpepblBHOMY PHMAHOBY MNPOCTPAHCTBY IoJpasyme-
BAaeT cyllecTBOBaHHe G6eCKOHEUHO MHOTHX MEJKHMX YacCTHI, Hempe-
CTAHHO <«BMTAIOLLHX» BOKDYI <«HEeHTPaAbHbIX» YaCTHL M CTaJKH-
BAIOUIHXCSI C IOCJAEAHHMH. DT OeCKOHeuHble CTOJNKHOBEHHsI H [MO-
poxpator MeTpuky. [lpeanosoxenwe o OeckoHeuHom cy6cerpare,
COCTOSILIEM M3 OYEHb MaJIblX YacTHL, He TaK ykKe [ajieko or Aeh-
CTBHUTEJBHOCTH; NPHMEpPOM Takoro cyberpata MOXKer CIYXKHTb
CBeT, HCIMycKaeMblii 3Be3gaMu. Mbl yaHaem o CylUeCTBOBAHMH 3Be3f
[OTOMY, YTO CBET, «COBNANaBLIUH» ¢ HUMHM, AOLIE] A0 HAC U «COB-
naa» ¢ HaMmu. ['unotesa o GeckoHedHOM cyOCTpaTe He BCTpeuaert
BO3DaXKeHU# M CO CTOPOHBl K/JI4CCHUECKOH TeOPHH, NOCKOJbKY B HEH
He CYIIeCTBYET OrpaHUUYeHMH Ha pasMepbl YacTHL C 3aJaHHON
3Heprued.

CoBepilleHHO HHAZA CHTyalusi CKAAAbIBAETCH B KBAHTOBOH Teo-
puu. Hauate ¢ TOro, uro Ttakoe coObiTHe, KaK CTOJKHOBEHHe ua-
CTHL, He sBJafercss abCONIOTHBIM, a MojABepraercss HabJIIoACHHIO.
Hau6onee ecrecTBeHHLIM KPHTEPHEM, MO3BOJSIOIMHM CYIHTL O TOM,
YTO CTOJMIKHOBEHHE MPOH3OLLIO, CJAYKHUT H3MeHeHHe HMIYJ/bca cTal-
Kupawoluxca uacrul, OZHako H3MepeHHe uMnyabca Tpebyer Ko-
HeuHoro o6beMa, H NO3TOMY BPSX JAu KTo-HUOYAp CTaHer yTBep-
JK1aTh, OYATO CTOJNKHOBEHHE JIOI)KHO CTaTh OCHOBHBIM, NEPBHUHBIM
MOHATHEM (PU3UKH, B TEPMHHAX KOTOPOTO CJEAYET OMHCHIBATL BCE
ocTaJibHOe.

Kpome Toro, mpuHsiTHe T'HNOTE3b O CYL1eCTBOBAHHM OECKOHEU-
Horo cy0cTpara, COCTORLero u3 Ype3BRbluafiHe ManablX yacTHl, TaK-
JKe CONpPANEHO ¢ Ompele/eHHbIMH TPYAHOCTAMU. UToGbI MBI MOTJIH
(buxcupoBaTh MOJIOXKEHHe LEHTPa/bHOH YaCTHUDLl, HanpuMmep 3Be3-
Jbl, ¢ 6oJbliel TOYHOCTBIO, CyOCTPAT JOJMKeH COCTOSITb U3 YaCTHIY
¢ OYeHb KOPOTKOH AJNMHOH BOJHBL, Majsas ke AJHHA BOJHBl yCTa-
HaBJUBAET HIKHUA Opelen 3IHEPrud u, Cl1eJ0BATENbHO, I'DaBHTA-
IIMOHHON Macchl cyberpara. Jdra TPYAHOCThL 6blia Gbl BMOJHe pe-
aJbHON M BecbMa «0Csi3aeMoil», He OYy/Jb TPABUTALMOHHAS IIOCTOSH-
Has Tak Mana. MaJjocTh 3TOH KOHCTaHTH HTpaer 4pe3BbluaiHo
BaXXHYI0 DPOJib B (OPMYJUPOBKE COBPEMEHHOH KBAHTOBOH TEODHH,
€CJIM CUHTaTh, YTO (QU3HUYECKHH CMBIC/ HMEIT TOJNbLKO COBIAAEHHA.
Ilpn Takom noaxoje KBAHTOBOMEXAHHYECKHUHl 3KCIEPHMEHT, IIPOH3-
BOAMMBIA Hajg H3CJNHPOBAHHOH CHCTEMOH, M HCIOJb30BAaHHE JIOPEH-
LEeBOM METPHKH c¢JeloBaso 6wl omucbiBaTh TakK. HlaonupopanHas
CHCTEMa OKDYXeHa B MPOCTPAHCTBE YeM-TO BPOJEe CeTH, B y3JaX Ko-
TOPOH. pacnojoxKeHnl yacol, ITonb3ysch 3TOH ceThbiO, Mbl MOXKEM, BO-
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NePBbIX, YCTAHOBHTh, YTO Ha MOBEPXHOCTH, OKPYXKaiolllei H30JHPO-
BAHHYIO CHUCTEMY, NDOCTPAHCTBO-BPEMS B Pa3yMHOM NpUOJIHXKEHHH
JONYCTHMO CUHMTAThb IJIOCKUM M, BO-BTOPHIX, 3aJaB CHCTEMY KOOp-
JUHAT ¢ JIOPEHLEBOH METPHKOM, NepefaBaTb CHCTEME HMIYJbCH H
perucTpupoBath ee orpady. C NOMOILBIO TAKOH CeTH ¢ YaCaMH MO-
2KHO Obl0 6bl, HANpUMep, H3MEPHTb CEYeHHsT CTOJKHOBEHHH U Ja-
XK€ NOCTPOUTD BCIO S-MaTpHUY.

IlpeanioxeHnylo cxemy HeTPYAHO YNPOCTHTb, HO NpeXKIe cJe-
JYEeT 3aMeTHUTb, UTO HeOOXOJHUMOCTb HCHOJb30BAHMA CETH ¢ 4acaMH
3aCTaBJfEeT YCOMHHUTbCH B LeJeCOOOPa3HOCTH pPAaCCMOTpeHHs cay-
uas, KOrja mpocras CHCTeMa, HaopuMep uacTHla, HaXOAUTCs OJHA
BO Bcell BcenenHofl, a ee napamerpbl YIOBJETBOPAIOT TeM HJH
HHLIM ypaBHeHHsAM. YUTo6bl MBI MOTJM BBICKA3blBaTh KaKHe-To YT-
BEPIK/IEHUS] OTHOCHTEJBHO NOBEAEHHs Halled dYacTullpl, ee HEOOXO-
JMMO OKPYXKHUTb CETbI0 C YacaMmM, HO OKPYXXHThb CeTbio Bclo Bce-
JIGHHYIO MBI, OUeBHAHO, He B cOCTOSHHHM. MMeHHO no 3Toii NMpUYHHE
s COMHEBAloCh B TOM, UTO YpPaBHEHHMS JJisl YaCTHI[ B 1IpOCTPaHCTBE
Je Currepa uMeloT I1yGOKHH CMBIC/, H, B 44CTHOCTH, B TOM, HMEIOT
JIH CMBICJI Te CBOHCTBA YPaBHEHMH, KOTOpHle CJAELVIOT H3 CHMMe-
TpuH mpocrpadctBa e CuTTepa B IeioM (IO MOCHAEIHHM §1 [IOHH-
M2l0 NJOCKOCTH M HEHTPbl CHMMETPHUH MPOCTPAHCTBA).

Ecau mpoaHaqH3upoBaTh, KaK HHTEPNPETHPYIOTCS H3IMEpeHus,
NPOU3BOANMble Haj TAK Ha3blBAeMbIMH H30JMPOBAHHBIMH CHCTE-
MaMH, TO CTaHeT fCHO, UTO B JAeACTBUTENbHOCTH (PU3MKH HeSIBHO
HCNOJBb3YIOT ONUCAHHYIO HAMH CeTh C YaCaMHU, OKpyXKas e Hccie-
pyemyo cucteMmy. IBuxeHne 3Be3n u APYyrux oObeKToB obecmedu-
BA€T JONYCTHMOCTb TMIOTE3bl O NPUOJIUAKEHHO IIOCKOM IpOCTpaH-
CTBe H TO03BOJSET CHAGAUTb CHCTEMY KOODAHHAT JOPEHLEBOH MeT-
puxoil. Ilpubop, ucrnosb3yeMblit Ajas H3MEPEHHH, CO3JaeT M perd-
CTPUPYET YaCTHIb, CBOACTBA KOTOPBLIX MojJiexaT uamepeHuo, He-
CNOXKHOE paccyXkIeHHe MOKasbiBAeT, 4YTO TPABUTALHOHHBIE CHJIbI,
HCXOJSIHE OT «U30JUPOBAHHON CHCTEMBI», HE BJMSIOT Ha BO3MOXK-
HOCTb CKOJIb YFOJHO TCQUHOI'O H3MEpEeHHs1 ceueHud, ecay oO0beM 4a-
CTH NPOCTPAHCTBA, 3aK/AIOUEHHOH BHYTPH CETH C 4acaMH, He orpa-
HHYEeH cBepXy.

Onncannylo TOBKO 4TO CHTYaHHIO BCE e Helb3st HasBaTh YAO-
BJIETBOPUTENbLHON C TOUKHU 3peHHusl oblLiell TeOpHH OTHOCHUTENBHOCTH,
MOCKO/MbKY Ta (H3NYecKas BeJHYMHA, KOTOPasi MOPOXKAaeT METPH-
Ky, OoTaH4yaercsl oT HcciaefyeMoli dwusuueckoii Beauuuusl, Hageanu-
3UpOBaHHAas CeTb C YacaMHM, NMO3BOJSIOLLAsT YCTAHOBUTHL METPHKY,
HO He BHOCSIIAS CBOUM TPABHUTALHOHHBIM IOJIeM HHKAKHX BO3MY-
IeHUH B «H30JHDPOBAHHYIO CHCTEMY», MOXET CYUIeCTBOBAThL JHIUbL
NOTOMY, 4TO TPaBUTAUMOHHAs NOCTOSIHHAsi oueHb MaJjha. B Teopum,
IOJMIHOCTBIO YAOBJETBOPAIIEH Mepsolt akcuoMme JiHImTeHAHA, dU3H-
YEeCKYI0 CHCTEMY He HYXXHO 6bL10 OBl JIeJUTh HAa ABe YacTH: OXHY —
CO3AIOILYIO METPHKY, APYIYI0 — NOAJeXAallyl0 H3MepeHHIo,
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[Tpocreiiuiuii cnoco6 MOCTPOSHHs TAKOH TEOPHH COCTOs Obl B
MOJHOM OTKa3e OT MCIOJbh30BaHHs KoopauHar. Bompoch, ma KOTO-
pbie morsia 6bl maBaTh OTBeT (PH3HUECKas Teopusi, 3BydYajH Gbl NPH-
MEpHO TaK: «¥ MeHs eCThb CHCTEMA, B KOTOPOfi MMeeTcs HEKOTOpoe
TpexMepHOe MHOroofpasue, ofjaajamolliee caeaylOllUM CBOHCTBOM:
BEPOATHOCTh HAWTH HAa 3TOM MHOrooGpasuuy yacTHly 5 paBHa Ipo-
H3BeJeHUI0 BepOsATHOCTeH HAWTH Ha HeM yacTHuw 1, 2, 3 u 4. Cyue-
CTBYeT /¥ JApyroe TpexmepHoe MHOrooGpasue, AJs1 KOTOPOro Be-
posiTHOCTL oOHapyxKeHHs Ha HeM YaCTHUH 5 ompejesieTcs Kakoi-
TO APYro#fl W3BecTHOW (pyHKUUeld BEPOsSITHOCTEeN OOHapyXKeHHs Ha
HeM Xe uactuy 1, 2, 3 u 4?» B takyw teopuio BXOAHAW OBl He fpo-
M3BOJAHDbIE NOJEBLIX BEJHYHH MO KOODAMHATAM, a NPOH3BOJHblE OJ-
HUX aMIJHTYJ BEpOSITHOCTH MO APYTHM.

B orcyTcTBHEe B3aMMOLEHCTBHA YpaBHEHHS TAKOH TEOPHH MOIKHO
O6ply1o Obl MOJIyYaTh, HCKAOUAss KOODAMHATHL H3 ypaBHeHHH OObIU-
HOH KBaHTOBOH MeXaHMKH. JTa NporpaMma BIOJHE OCYIIECTBHMA,
XOTsi 5 CaM NOAYYHJ B 3TOM HalpaBjeHHH Jullb NpelBapuTeib-
Hble M BecbMa HeEMOJHBIE pe3vabTaTbl. YpaBHEHWs, BO3HUKAIOUHE
B pe3yJjbTaTe HCKJIIOUEHHS MEPEeMEeHHbIX, OTJIHYAIOTCH OT OOBIYHBIX
ypaBHEHHH MeHbllle, UeM MOXHO Oblio 6Bl 0XHAATh. B HuHX, B ua-
CTHOCTH, BHOBb BO3HHKAIOT BEJHMUHHLI, aHAJOrHYHBlE g;. DHU3uUe-
CKHH CMBICJ HOBBIX yPABHEHUH TOXKAECTBEH (PU3IHUECKOMY CMBICIY
UCXOJHBIX ypaBHeHMH, M 5§ TpHUBeAY cefidac NpuMep TaKUX ypaBHe-
HHA JUIWUB A5 TOrO, YTOOH! NPOUMJIIOCTPHPOBATH CBOIO MBICL, XOTS
s U yBepeH, YTO 3TH YPaBHEHHUs He PellalOT HHKAaKHX NpobJem.

PaccmorpuM Ans npocTOTbl MHp, o6najamolluid JHIIL OXHHM
IpOCTPAHCTBEHHBIM H3MeDeHHeM, W MO/, YAOBJAETBOPAIOIIHE YpPaB-
nedno Kiedna—Ioprnona. Bocnonapdyemess 1ByMsA TaKHMH HOJSMH
¢1 ¥ (g AJNA TOTO, YTOOBI MCKAIOUMTL KoOopAuHaTh. OcTasnbHBlE MOJS
0603HaUUM P,. BruHcaAnM BTOPYIO NPOU3BOAHYIO OT ¢ N0 X B fepe-
MEHHBIX : —

2
- aq)i dwa
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(10a)

YpaBuenusa (10) MmMOXHO paccmMaTpHBaTh KaK ypaBHEHHs, onpe-
Hendiolue g;;. YC/NOBHE COBMECTHOCTH CBOIHUTCH K OOpallleHHI0 B
HyJb JeTepMuHaHTa 4-ro mopsiaka (a=1, 2, 3, 4)

Obg g Opg 0%y
mlo =0. 11
Mo = E 39, 09} 39,09, 09Z (b

YpasHeune (11) He comep:xkut Koopaunat. Kak s yxe rosopuJ,
OHO MPHBOJHMTCS 3JeChb JIHIIb B KauecTBe HJJIOCTPALMH, a HE M10-
TOMY, YTO HMeEEeT KaKOH-TO 0COOBIH CMBIC/.
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OB OMEPALIMU OBPAUIEHHUS BPEMEHW B KBAHTOBOM
MEXAHMUKE 1)

1. Ilpu uccrefoBaHWM BpamleHUss MJIOCKOCTH MOJAPH3aUHH B
maruuTHOM fiose Kpamepc [1] ycranoBua saxubie ofiiue cBoHCTBA
pelleHUii KBaHTOBOMEXAHHUECKOH# 3ajnaud Ha coOCTBEHHBIC 3HaUe-
Hudg 2). B uactHocTH, OH MOKasaJj, 4TO B CHCTEMe C HEUeTHBIM 4Hc-
JIOM YacTHI, HaxXojisulefics noA JeHCTBHEM CHJ YHCTO 39JeKTpHue-
CKOH [OpHPOJBI, BCErga [OJXKHO HPOMCXOLHTb [0 KpaHHed Mepe
JIBYKpaTHOE BHIpOXKIenHe yposneli »3Heprud. CBOH pPe3yabTaThl
Kpamepc noayyus, HCxeAss M3 pellileHHs 3ajauyd Ha COOCTBEHHBIE
3HaueHUs JA# BoiBefenHoro DBpefitom [3] vpaBHenus, KoTopoe
OCTaeTcss PeJNATHBHCTCKY HHBAPHAHTHBIM H BO BTOPOM IIOpsiiKe Teo-
pHY Bo3MyuleHHH. C MOMOIUBI0 MPAMBIX BEIKAAA0K OH TOKa3sasd, uto,
KOTa YUCJI0 3JEKTPOHOB HEUYeTHO, M3 OAHOTO pellleHHs YpaBHeHHsd
BpefiTa MOXKHO NOJAYYHTH APYroe, OTAHYHOE OT HEPBOroO.

B wnacrosime#i pa®oTe npesnpuHHMaeTCs NONBITKA AaTbh He-
cKoIbKO Gosee o0lee 0O6OCHOBaHHe pe3yabTaToB Kpamepca, B ua-
CTHOCTH MOKa3aTh, UTO MCMOJL3yeMasi UM Onepauust MpeAcTaBjaser
cobOl He YTO HHOe, KaK onepauuio obpalieHHs BpPeMeHH. DTy olne-
pauuio Mbl BKJIOYHM B OOBIYHYIO TEOPETHKO-rPYNNOBYI0 CXeMy
YpOBHeH 3HEpPruH, UTO, KaK Mbl YBHAMM, HEe COBCEM TPHUBHAJLHO
BCJIeICTBHE ee HEJHHeHHOCTH. ,

WapecTHo, 4TO MHOrHe BaXKHbie o0IiHe CBOficTBa KBAHTOBO-Me-
XallHYeCKHX CHCTeM, B OCOOEHHOCTH Te, KOTOpble NpeACTaBJAT
HHTEpeC IJsd CIEKTPOCKONHHU, TECHO CBSI3AHBI ¢ CUMMETPHEH CUCTEM.
Yrobpl Mbl MOMNIM BOCIOJB30BaThCH COOOpaKEeHHAMH CHUMMETDHH,
paccMaTpuBaeMblii ypOBEHb 3HEPrHH AOJKeH 00/aJaTh. JHIIb KO-
HeYHbIM BbipoxaenneM. [usi cucrembl, cBofoiHO nepeMeljaoLieiics
B NpOCTpaHcTBe (HaNpHUMep, [AJsi aTOMOB), 5TO YCJIOBHE 3aBEAOMO
He BBINOJIHSETCA BCJAENCTBHE HENPEPLIBHOIO CHeKTpa, 00YCJOBJEH-
HOTrO [BHMKEHHEM CHCTEMBl KakK 1enoro. K pemleHHI0 BO3HHKILEH
npoGaeMul CyILIeCTBYeT [Ba MOAX0Aa: BO-TIEPBBIX, MOMKHO CUHTATh,
YTO si/jpa He NPHHAAJNEXKAT HHTEPecylolilel Hac CHUCTeMe H CBS3aHbl
¢ (PUKCHPOBAHHBIMH TOYKAMH NIPOCTPAHCTBA; BO-BTOPHIX, MOXKHO

') Ws xypuasna: Nachr. Gesell. der Wissen, Mathematisch-Physikalische
Klasse, Helt 5, 546 (1932).

2) B nocsnesnee ppems pesyabratel Kpamepca ¢ GOAbLIMM ycmeXoM NpPHMEHHI
Ban-duex [2] k npobieme mapaMarneTu3Ma.
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BBECTH JONOJHHTE/NBHOE YCJIOBHE, 3alpelaloliee CHCTeMe CBOGOLHO
mepeMeniathCsi B IIPOCTPAHCTBE,— N0oTPe6oBaTh, 4TOOH CHCTEMA
obsafiana He TOJBKO CTPOrO 3adaHHOHM 3HEpruel, HO U HYJEBbIM
mosHbiM ummysabcoM ). Ilpu paccmorpeHHu aTomMoB 06a TNOAXORA
OpHBOASAT K ONHMHAKOBBIM pesyasrTaraM. Ilpu usyienun Momaexya
MepBhIfl MOAXOA HCMOJB3YIOT B TeX CJAydYasX, KOrJAa OCHOBHOH HH-
Tepec NPEeACTaBJAAIOT 3JEKTPOHHBIE YPOBHH, a BTOPOH — KOrja xe-
JaTeJbHO y4ecTb JBUKeHHe sifep. [TockoabKy B JAeACTBUTENLHOCTH
A1pa He CBf3aHbl ¢ (DHKCHPDOBAHHLIMH TOYKAMH IIPOCTPAHCTBA,
mepBblit NOAXO[ MO3BOJAET NOJYHATh JHIIb NPHOIHMKEHHLIE Pe3yJib-
TaTH ?),

B cBoeil paGoTe MBI IIOKaxKeM, UTO ycTaHOB.1eHHBle Kpamepcom
cBoficTBA CBSI3aHBl C PA3HOBHAHOCTBIO CHMMETDHH, He paccMaTpH-
BaBulefica paHee. Hamy pesysnbraThi NPUMEHMMBI B GGOHX TOJBKO
YTO HAa3BaHHBIX NOAX0/AaX, KOTOpble Mbl A yRoOcrBa ByneM Ha-
3bIBATb MPOCTO fepBBIM ((DHKCHpPOBaHHbIe SAPA) M BTOPHIM (HyJe-
BO¥ MOJIHBIA HMIYJbC).

2. PaccmotpuM cucremy, cBOOOJHO INepeMELdILycs B MPo-
crpadctBe. Ecau BHewHux noselt HeT, TO ee TIPYNNOR CHMMETDHH
6yner HeopHOpoAHas rpynna JlopeHua, a B HEPeNATHBHCTCKOM CJY-
uyae — HEeOJHOpPOAHAadA rpymnna ['anuneda, KoTopele MOMHMO OOGBIYHBIX
npeobpaszosanuil Jlopennma uan [anuaes comepxKaT elle CABHIH
B NPOCTPAHCTBE W BpeMeHH (xj=x;+a;). [Ipin paccMoTpenuu cu-
cTeMbl, He o0Jafamolell cnocoOHOCTBIO CBOOOAHC IepeMellaTbCcs B
[IpOCTpaHCTBe, CHMMETPHS 3a7a4H, €CTECTBEHHO, YMEHbIIAeTCs.

[Ipu mnepsBoM TNOAXOJAE HENOABHUMKHBIE LEHTPLl TPHTSKEHHUS
npexje BCero ONpeAeNsloT cOCTOAHHE abCcoJaIOTHOTO Nokosi. Tem
CaMbIM HCKJIOYAlOTC NMpeoOpa3oBaHHs, NPH KOTOPBIX HCXOAHAS H
KOHeuyHasi CHCTeMbl KOOPAMHAT ABHXKYTCH OTHOCHTENBHO APYT ApYyra.
Ilo amamornyHbiM OpHYHHAM OThazaeT H OOJBIIHHCTBO YHCTO IIPO-
CTpPAHCTBEHHBIX INpeoOpas3oBanuii. OcraroTcs UL Te NpeoOpaso-
BaHHSH, KOTOpBHIE BXOASIT B TPYINIy CUMMETPHH pelieTkd, oGpasye-
MOH LleHTpaMHM INPHUTSXKEHHA (paHbllie HX TaKXKe BCerfa BKAKYa/H
B paccMoTpeHHe). KpoMe TOro, cyuecTBYIOT elle MW YHCTO BpPEeMeEH-

urie npeobpasosaHus t'={+1f, u t'=—¢ Ecau paccmatpusaiorcs

OJHH JIHWIb CABHTH BO BpPEMEHH, TO 3aJaHHe 3HEePruu OLHO3HAUYHO
—IEty/h

onpefnesser npeacrasienue e - KoTopoMy NpHHAAJERHT CO-

crosiHue. V3 CBOACTB 3ToH CUMMETPHH, B YACTHOCTH, CJAELYyeT, 4TO
COCTOSIHHSI C TOYHO 3aJaHHOH 3Hepruell He MeHSIOTCA CO BPEMEHeEM.
Takum o6pasom, npeobpasoBanus =t + f, He MO3BOJSAIT NPHATH
K KAakKuM-JM00 HOBBIM 3aKJIOUEHHSIM, H HaM HE OCTAeTCl HHYero

') Kak H3BECTHO, B OTCYTCTBHE BHEWIHWX NoJefl TpeGosamme, utofu SHeprus
M NOJHBIA HMUYJBC CHCTEMBl UMeJH (HKCHPOBaHHBlE («TOYHbIE», Hepa3Ma3aHHBIE)
3HaueHus, BIOJHE AONYCTHMO.

2) OGocnosanHe 3TOro nopxopaa cM. B paGore Bopua u Onnenrefivepa [4).
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Apyroro, Kak 3aHATbCH H3yuyeHHeM npeobpasoBarus {'=—1, Bepa-
xawuero o6paTHMOCTh BpeMeHH. Kak Mbl YBHAMM fAaJjiee, UMEHHO
310 npeo6Gpa3oBaHHe NPHBOAUT K npaBuaam Kpamepca. Pasymeer-
cst, 06 O0paTHMOCTH BpEeMEHH MOXKHO FOBOPHTH JHUIb TOTAa, KOria
BHYTpeHHee [JBHKeHHe HEHTPOB NpPUTAMKEHH: He BJAHACT Ha Hampas-
JieHHe BPEeMEHHM M, B YaCTHOCTH, KOI'JIa OHH He CO3JAI0T MArHuTHOE
nose'). Uro e xacaercs noJeli, oOyc/a0BJeHHBIX CIHHOM fAEp, TO
OHH OYeHb ¢Jalbl, ® B NepBOM NPHOJHKEHHH MMH BIOJIHE MOXKHO
npeHebpeub (Hallk paccMOTPERHs H 0e3 TOro HOCAT JHUINbL NPHOJIH-
JKeHHBIH Xapakrep).

AHajornuHasi cHTyauus BO3HHKaeT M MpH BTOPOM MOAXOJE.
HeACTBUHTENBHO, €C/IH B HEKOTOPOH CHCTeMe KOODAHHAT MOJHBIH HM-
MyJbC CHCTEMBbl PaBEH HYJIO, TO 3Ta CHCTeMa KOOpPAHHAT BblleseHa,
M ee MOXHO CUMTATh MNOKOflleHcs. IJTO 03HAUEET, 4TO H3 YHCTO
NPOCTPAHCTBEHHLIX  Mpeo6pa3oBanuil MBI JOJKHDI BBIUEPKHYTh
CABUTH, MOCKOJbKY CHCTeMa ¢ HYJ/EBBIM [OJHBIM HMIYJIbCOM INPH-
HaJJTeXKHT K TPHBHAJNBHOMY NpPeACTABJACHMIO TPYNMbl CABUIOB, T. €.
BOOOIie He uaMensercs npu ciasurax, C ocTajbHBIMH YHCTO fipo-
CTPaHCTBEHHbIMH M YHUCTO BpDEMEHHEIMH Tpeo6pas’oBaHUAMM BCe
OOCTONT Tak :Ke, KaK W B yXKe pacCMOTPEeHHOM HaMH IepBOM
ciyyae. EnuHCcTBeHHOe OTJAHYMe 3aKJOYAETCs JHUbL B TOM, 4TO
Tenepb YHCTO NPOCTPAHCTBEHHble npeobpasopanus oObHIYHO (B OT-
CYTCTBHe BHELIHHX TMoJel) NOPOXKAAIOT BCK TIPYINY TpexMepHHIX
BpauieHu#.

Wrtaxk, Mbl BHAHM, YTO Kak MepBBHIH, TaK H BTOPOH MOAXOA K
KBAHTOBOMEXaHHUeCKOH 3ajauie, IOMHMO pacCMaTpPHUBABIIHXCHA paHee
3J€MEHTOB CHMMETpHH (YHCTO NpPOCTPAHCTBEHHBIX MHpeobpasoBa-
HUH), CONEPKHUT ellle OFMH 3JEMEHT CHMMeTpHU — oOpallesue Bpe-
meny. MceaenopanneM 3TOro sjeMeHTa CHMMeTPHH (TOJNBKO B He-
peNATUBMCTCKOM ciydae!) Mbl H 3afiMeMcss B AajbHefilieM,

3. Ilpexpe Bcero HeoOGXOMMMO BbISICHUTb, Kakas onepauus K
[IEPEBOJIHT BOJHOBYIO (PYHKUHIO ¢ B BOJHOBYIO QyHKUHIO K¢ Takoro
COCTOSIHMA, KOTQOpPOe OTJH4YaeTcA OT COCTOSHHA, ONHCHIBAEMOTO
bynkuuell @, HanpaBienneM BpeMeHH: npoumaoe K@ coBnagaer ¢
Gyaywum ¢, a 6yayuwee K¢ ToXAecTBeHHO IpouwioMy ¢. Ilpearmo-
JIOXKHMM CHayaja, 4To MB!I JleHCTByeM B paMKax YipOUIeHHOH TeopuH
[lIpenunrepa, He yuuTbIBaloOlleHl cnuHa uacTuu. TorAa QYHKUUA
o=q(x;, X3, ..., Xy) 3&BHCHUT JHIWIb OT JAEKAPTOBBIX KOOPAHHAT
JACTHL.

B ucmosb3dyeMoM HaMH yOpolieHHoM BapuaHTe Teopuu I[lpe-
Awnrepa onepauusa K, Kak H3BeCTHO, COBNALAET C onepanuel
KOMIIEKCHOTO compsikeHHs: Kop=¢* OmHako Mbf COXpPaHHM 3a

1) YcaoBuA, npH KOTOPHIX BpeMs «00paTHMO», MOXKHO HafiTH B pabore Onsa-
repa [5]. Ilpexnosnoxenye OTHOCHTEIbHO OOPATUMOCTH BPEMEHH HIPaeT CYLIECTBEH-
HYIO POJIb B HAUIHX PACCYXAEHHAX,
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onepauueit o6panieHHa BpeMeHH oGosHaueHHe K u Oyaem HCHOJIb-
80BaTh JHIIb CAEYIOIIHE TPH ee CBOACTBA:

Kp=9¢, K2=1, (D
K (ap + b)) =a'Ko + b° K+, (11)
(@, ¥) =, 9)'=(KY, Kg), (I11)
uJjau
(Ko, $)=(0, Kb)' = (K, ¢). (I11a)

[Bnecy (u, v) o3HayaeT IPMHTOBO CKajlspHOe Mpou3BefeHHe (DYHK-
HH# 4 U v, T. € HHTerpan oT u*v no BceMy KOHQUrypauHOHHOMY
npoctpanctBy.] OkasbiBaeTcsl, YTO NPH YETHOM HYUCJAE 3JEKTPOHOB
pe3yJbTaThl, NOJyuYeHHble HaMH, NOJHOCTBIO CIPaBeMJHBREI H AN
TEOpHH, YyuuThiBalOmleHd cnuH. EQHHCTBeHHOe pasjHude COCTOUT
JHIIL B TOM, 4ro K 6yJeT 03HauaTb He OOGBIYHBIH mepexoj K KOMI-
JIEKCHO COMNpsiKeHHOMY BLIPAXKEHHIO, a HEKOTOPYIO Jpyryio onepa-
U0, TaKXe obnajatomyo ceoictBamu (1) — (IH). Uz paBencrsa
(II) caemyer (m 3TO CyLIeCTBEHHO AJA JajbHeHIlerc), 4yTo onepa-
Top K Henuneen. Bce ocTanbHble onepaTtopb! JHHEHHB, H MBI He
Bceria Oyaem o0co60 MNOAYEPKHBATL MHOCJAelHee OOCTOATENbCTBO.

@yHxuus BelllecTBeHHa, eciid K¢ = ¢, u MHUMa, ecin Ko = —g.
Jlunefinbiii 3pmMaToB onepatop A HasblBaeTCsl BEIIECTBEHHBIM, €CJH
OH MepeBOAMT BeLIeCTBEHHYIHO (YHKUHIO B BelleCTBeHHYIO. Bemre-
CTBEHHHIl OMepaTop, OYeBHIHO, NMEPEBOAKUT KOMIJCKCHYIO BeJHUYHHY
B KOMILJIEKCHO COIPSIKEHHYIO, BCIEJCTBUE Yero

AKo=KAy, AK=KA, A=KAK. (1)

MHuumMmbfl onepaTop B nepeBOAHT BeIeCTBEHHYIO (YHKUHIO B YHCTO
MHHMYIO H, TakMM 06pa3oM, yIOBJETBOPSET COOTHOUIEHHIO

B= — KBK. @)

M3 cootHowenusa (1) B caly o6paTHMOCTH BPEeMEHH CJAEAyeT,
yTo ecau (¢ — cobcTBeHHas (QyHKuHA onepartopa A, to Ko — Takke
cobcrBennas Qynkuus. PyHkuuH @ v K¢ MOXKHO 3aMeHHTH Belle-
crBeHHsiMu GyHkuuamMu ¢+ Ko u i{(9p—Kg). Otciona sicHo, 4to Bee
cobcTBeHHble (DYHKUMM, He OrpaHuuuBasi OOLHOCTH, MOXHO CUH-
TaTh BelllecTBeHHBLIMH. CJ/le[]oBaTe/bHO, ONepaTop 3HEPrHd IOJIKeH
ObITb BEILECTBEHHBIM (K TaKOMY K€ 3aKJIOUSHHIO MBI [DPUXOLHM,
paccmarpusas onepatop Lpenuurepa).

Anasiornunble yTBepXKIEHHS CNpaBeAJHBH [J5 BCEX YHCTO MPO-
CTPaHCTBeHHBIX IpeoGpasoBanuil cuMmMerpuu. IlpousseneM Ju Mbl
cHauaJja noBopoT Q, a 3aTeM omepauuio o6pallleHHs] BpeMeHH HJIH,
Hao6opoT, cHayaja OOpaTHM BpPEMSl W JHUIIbL 3aTeM [POH3BeleM
NOBOPOT,— pe3yabtat (cocrosinne) Gymer oguH u Tor xke, Caeno-
BATEJNbHO, /151 BCEX @

KQo = c,QK®, 3)
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TAe Cp— KOHCTAHTA, paBHAA 110 MOAYMO l; Aas pasjHUYHBIX BOJ-
HOBbIX (YHKUMH OHa Morya Gbl OHITe pasHo#. [lokaxkeM, uTo Ko3(-
dbuLHeHT ¢, OAHHAKOB JJIs BCeX BOJHOBbIX OyHKUME. Ecin On
KO3PHLUUEHT C¢ OTNHYAJICA OT Cy, TO B CHJIY JHHeHHOCTH Q cile-
JN0BaJ0 ObI, 4TO

KQ (o + %) = KQp + KQb = ¢,QKo + ¢, QK =
= Co+yQK (@ + P)= Co+pQK® + €44 yQKP,
OTKY A4

C(P = C(p.(.,‘b = C"b'
3amenum jfajtee oneparop Q omepatopom O=V¢.Q; Toraa
KOg = OKq. (3a)

CuaenoBatesbHo, onepatop O BemecTBeH. B ympouleHHoM Ba-
puante Teopun lllpenuHrepa 5TO TaKkKe €CTECTBEHHO, MOCKOJBKY
onepalHsMH CHMMETPUM B HeHl cJyaT BelleCTBeHHble Npeobpaso-
BaHHs apryMeHTOB BOJHOBBHIX (DYHKIHH.

BeltecTBeHHBI XapakTep BOJHOBHIX OQYHKLUHH H ONepaTopoB
UMeeT pellialolliee 3HAYEHHE TIPH PACCMOTPEHHH 3JeMeHTa CHMMeT-
pun t'=—t¢. BemecTBennnl BOOOIe BCe ONepPaTopbl, KOTOpLIE JHGO
He cojAepykaT BpeMeHH, Jub0 cojAepiKaT JHIlb YeTHbie CTemeHH i
(160 AJaA TAaKUX ONEPaToOPOB HUX CPeAHHe 3HauUeHua 148 ¢ u Ko
paBubl). CaegoBaTeNbHO, ONEPaTOPbl KOOPAHHAT M (YHKUME KoOp-
AWHAT, KBafipaTa CKOPOCTH, KUHeTHYECKOH H NMOJHOH 3HEpPruu HT. .
BeulecTBeHHbl. Hao6opor, Bce onepatopbl, cojepKaliue HedeTHHle
cTeneHy ¢ (HampuMep, OMepaToOpHl CKOPOCTH, YIJIOBOrO MOMEHTa
¥ T. I.) MHHMBI, 16O HX CpelHHe 3HAYeHHA 14 ¢ H K¢ paBHbI No
BeJIHYHHE H IPOTHBOMOJIOKHLI MO 3HaKy. B camom gene, B mepBoM
cayyae

(Ap, @)= (@, Ap)= (Ko, AKg)=(KAKq, ¢),
OTKYAa MBI 3aKJAI0YaeM, YTO
A=KAK.
Bo BTopom cayuae
(¢, Bo)= — (Ko, BKo)
MBI [IOJTy4aeM COOTHOLIEHHe
B= — KBK.

4. Mbl BHAMM, 4YTO BCe COOCTBEHHble (DYHKIHH MOXHO .CUMTATH
seulecTBeHHbiMH. OTcrofa cpasy xe ciaelyeT, YTO cpejHee 3Hauye-
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HHEe MHHMOIC 3PMHTOBA ONeparopa IJas BCEX CGCTOAHHE C OJHOH
U TOH e HEprued JOJIKHO ObITb PABHO HYJIO:

($1s Bpy) + (b, Bibg) + (3, Bpy) + ... =0, (4)

u6o Kaxjoe cJjaraemMoe B JIEBOH UYacTH PaBHO HYJ/K, €CJaH cober-
BCHHbIE prHKHPII/I BCIICCTBEHHLI!

($;, BY;) = (B, ;) = (K§;, KB =
= - (‘Pi: BKlpi) = - (‘Ph B‘Pi)-

Ilpn oTcyTCTBHH BBIpOXKJAEHHMS (HANMpUMep, B cjayvae Korja Cu-
cTeMa He o6JajaeT NMPOCTPAHCTBEHHOH CHUMMeTpHell) aHajoruuyHoe
yTBEPKAEHHE CHPAaBEAJIMBO M JAJ51 OT/eJNbHBIX COOCTBEHHBIX (YHK-
uui. Tak, Hanpumep, cpeiHee 3HAaYEHHE CKODOCTH AJs J060ro Cra-
IIMOHAPHOTO COCTOSIHHS paBHO Hynw. To Xe MOXKHO cKa3aTh O Kybe
1 BoOOIIe 060K HeueTHOH CTeNeHM KOMIIOHEHT CKOPOCTH, MO3TOMY
J06as CKOpPOCTh HMEET Ty XKe BEPOSiTHOCTb, YTO H CKOPOCTb, pas-
Has efi MO BeJMUMHE, HO MPOTHBOMOJIOXKHAS TIO HampaBJ/eHuo. AHa-
JIOTHUHBIE YTBEpK/AEHHsS CHOpaBe/JIUBbl U /IS YrJOBOTO MOMEHTA.

5. IlepefineM Temepp K cIyyal, Korjga cHcTeMa NOMHMO HHBa-
PUAHTHOCTH OTHOCHTEeNBHO oOpallleHHsi BpeMeHH obnajaer elle H
NpOCTPAHCTBEHHON cuMMeTpHell. PaccMorpum cobcTBeHHBlE (YHK-

oUu Yp, ..., Yy, TPHHALJIEKALIMe HENPUBOAHMOMY NPEACTaBIEHHIO
D rpynnsl npocTpaHCTBeHHOH CHMMETDHH!: ‘
1
Ogth= 2 D (Rl (5)

Onepanusi o6pallleHHs] BpeMeHH KOMMYTHpPYeT CO BCEMH NpPOCTPaH-
CTBEHHBIMH 3J€MeHTAMH CHMMETPHH, B CHJIYy UYero ¢ YHCTO MaTeMa-
THUECKOH TOYKH 3PeHUs TMOJHYI TPYNNY CHMMETPHH CHCTEMBI
MOKHO MPeACTaBHTb B BHUIe NPAMOTO NPOH3BEXeHHS] TPYIIE ODO-
CTPAHCTBEHHOH CHMMETPHH M ollepauun oOpalleHHs BPeMeHH.
Opuako UPHMEHATb TEOPHIO NPENCTaBJEHHH B -ee oObUHOH (dopMme
K Tako# IMOJHOW IpyNIe Hejb3s, MOCKOJbKY onepaius obpalleHHs
BpeMenn Henuuefina. [Ipu Gosee [NeTajJbHOM pPacCMOTPEHHH BhIfiC-
HAETCSK, UTO HEQOXOAMMO pas3anyaTh TPU caydas (cM.paboth [6,7]):

a) mpexncraBiedde D MOXKHO npeofpas3oBaTb K BelIeCTBEHHOMY
BHAY;

6) npexncrasienust D u D* HesKBHBAJIEHTHbI;

B) mnpeactasieHus D u D* skpHuBaJieHTHH, HO HX Heab3sl INPHU-
BECTH K BELLECTBEHHOMY BHIY.

Cayuaii «a». PaccMaTpuBas, HanpuMep, Bce OJHO3HAUHbIe IpeX-
CTaBJIE€HHS TPEXMePHOH I'pPyNnbl BpauieHHH M BpallleHu#l ¢ oTpaxe-
HUAMH, IBYMEpHOH TPYNNbl BpallleHHH ¢ OTPAXKEHHAMH, a TakxkKe
NpeACTaBJeHHH CHMMETPHYECKOM TIpyNMbl, MOXHO CYMTaTb, 4YTO
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npeAcTaBjenne D 3apaHee NpHBeAEHO K BeLleCTBEHHOMY BuAay. Ma
(5) npu nmepexoie K KOMIJIEKCHO CONpSIKEHHBIM BeJIHYHHAM Ha-
XOIUM

!
KOp¥, = ORK\Pn=,§‘ D (R) Ky, - (6)

To e COOTHOWEHHE CIPABEANMBO U IS BEUIECTBEHHBIX (BYHKUUH
P, + Kb, = . i(%‘“Kil’x)= Uys

B CUJY Yero QYHKUMH Ui, ..., 4 TON AeHCTBHEM KaK MPOCTPaHCT-
BeHHBIX NpeoOpasoBaHufl, Tak U obpailleHust BpeMeHu npeobpasyroT-
¢ TOJbKO 4epe3 (OyHKuuu u. PyHKOMH vy, ..., U; TaKxKe npeobpa-
3yl0Tca TONbKO yepe3 v. IlostoMy eciu yHKIMM u H U JHHEHHO
He3aBUCHMBI, TO HeT HUKAKMX OCHOBAHUN CUUTATL, 4TO (QYHKUHH U
JOJKHB TIPHHALMEXKATb TOMY e COOCTBEHHOMY 3HAueHHOo, KOTo-
poMy npHHaafexaT GyHKUHH 4 (laxe B TOM clIyyae, KOria HMeeT
MECTO CJy4afiHoe BhIPOKIEHUe).

Taxkum ofpasom, B cayyae «a» oOpalieBde BpeMeHU He NPHBO-
IUT K JONOJHATEIbHOMY BbIPOXKIEHHIO H MPOABJAAETCS JIULUIb B TOM,
urto Bce coGCTBeHHBle QYHKIMH, NPUHALJEXKAlUIHE BeELIeCTBEHHON
dbopMe MOpeACTaBJEHHA, NYTeM VMHOMXKEHHS Ha HEKOTOPYID KOH-
CTaHTY TaK:Ke NPHBOAATCH K BeILIECTBEHHOMY PRULY.

Ecau A — BeluecTBeHHBI 3PMHTOB omepaTtop M (YHKUMH P; H
{; IPHHAAJNEKAT COGCTBEHHBIM 3HAUEeHHUSIM THIA «a», TO CBA3LIBAIO-
Ui uX MarpuuHbifi sAeMent onepatopa A oOKaghiBaercs Beille-
CTBEHHBIM:

(P, Ag;) = (Kp;, KAY)) =‘(‘bi» Apy). (7)

Ecan onepatop A o6naznaer elile U NPOCTPAHCTBEHHOJ CHMMETpHeEN
3ajauH, To, KOMOUHMPYS 3JEMEHTHl 3TOH CHMMETDHH C PaBEHCTBOM
(7), MOXHO MOJYYHTb AOMONHHTEJbHble CBELEHHS O CBOHCTBAX Ma-
TPHYHOTO 3jeMeHTa onepatopa A. Xorg B panbHefiieM 3T0 Ham
HHUTJe He NOHaaobuTcs, yNOMsHeM B KayecTBe NPUMEPA, uto Cpel-
Hee 3HaYeHHe MHHMMOIO 3PMHTOBa onepaTtopa, o6Jafarollero mnpo-
CTPAHCTBEHHOH CUMMeTpHEH 3ajauu (TAKUMHU ofepaTopamMu MO-
r'yT ObITh -

Enl XnPnx + PrxXn+ YnPuy + Pryghn + ZnPuz + PuzZn

HJ/HU
xM,+yM,+2zM,),

s 2106020 CTalHOHADHOTO COCTOAHHA @iy + ...+ aap; paBHO
HYJII0, €CAH HET C1YYallHOro BHIPOXKAEHUS

(; a, b, B ; ax‘]’x) = ”Zha;aa (b BYy),
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rie ckaagpHoe npousBefenue (¢,, By,) obpaumiaerca B HyJab npu
® = A TOTOMY, YTO (YHKUMA v, BeIeCTBEHHA, a OPU % F A MO-
TOMY, 4T0 (QYHKUMH P, H P, NPHHALMEKAT DPA3JUYHBIM CTPOKaM
npencrasaenus D.

Cayuau «6» u <8». Ecnin Bce coGcTBeHHble (YHKUMH BellecT-
BeHHH, TO COOTBETCTBYIOIlee MNpeJCTaBjeHHe TaKxke BellleCTBEHHO.
CnpaBeasuBOCTh 3TOrO yTBEpKAeHUA caenyeT u3 (5):

(b, Ogiby) = D (R

sneck oGe ¢yukuun Py, # Ogy, B JEBON uHacTH paBeHCTBa BellecT-
- peHHbl. CJ/lesoBaTe1bHO, €CJAU NpeNCTaBJAeHHE HeJb3d NPHUBECTH K
BellieCTBEHHOH (OpMe, TO COOTBETCTBYIOIIHE coGCTBEHHbe GYHKUKH

HeBemlectBeHHB. DPyHkuun K¢y, ..., Ky, npuHapsexar ToMy Ke
COOCTBEHHOMY 3HAYEHHIO, uTO ¥ QYHKUHH ¢y, ..., |, OAHAKO B OT-
JUYMe OT paHee PAacCMOTPEHHOTO cJayyas MX HeJdb3sl NPEeACTaBUTh
B BUJe JuHefinbix KoMOuHanuil Gyuxuui ¢, ..., §,. M3 paseHcrsa
(5) u coorHouleHus (3a) HaXOAUM
I
KOR'le = ORK’lpn = 7\21 D* (R)AMK"JJA' (8)

B cayuae «G6» npeicrasieHus D u D* HeIKBUBaJeHTHH u, C1el0-
BarteiabHo, QpyHKiuu K¢,, npuHaljexaliye npeacrasaesdo D*, op-
TOroHaJJbHH QyExuuaM P,. CyllecTBoBaHHe 3/J1eMEHTa CHMMETpPHH
K ynBanBaer BBIPCXKJAEHHE: OJHOMY U TOMY K& COGCTBEHHOMY 3Ha-
YEeHHIO NPHHAMJIEXKAT JBa YPOBHSA, OTBeYalollhe pasIHUHBIM (KOM-
MJIEKCHO CONpsiKeHHBIM) mnpeacrasieHudsiM. Bmecto pasencrsa (7)
B paccMaTpHBaeMOM cJaydae CripaBeJiBO PaBeHCTBO

Takum o6pasoM, eciy onepaTop BeLLEeCTBEH U 3PMHUTOB, TO MpPH 3a-
MeHe cOOCTBeHHbIX (DYHKUMI KOMIJIEKCHO CONPSAXKeHHbiMH - (YHK-
IUSMH MATPHUYHBIN 37€MeHT MEPEXOAHT B KOMILIEKCHO COnpsKeH-
HyIO Beauuuny. Ecau B ciyvyae «6» BelllecTBeHHbIH MJH MHHMBIH
onepatop o6najaer cuMMeTpuel 3ajauy, TO 3TO (KakK W B ciayuyae
«a») II03BOJISIET BHISIBUTbH HEKOTOpble AONOJHHTE/NbHBlE ero CBOf-
cTBa.

B cnyuae «B» HOBBHIl 3JeMEHT CUMMETpHHM — onepauus ofpa-
IeHUsT BPeMeHM — NPUBOJAMT K JOMOJHHTENbHOMY  BLIDOXKIEHHIO:
JBa COOCTBEHHBLIX 3HAuyeHUs, NPUHAJJIEKALIUX ORHOMY M TOMY Ke
npejicTaB/AeHyIo, coBnafaloT. Mbl He GyfeM paccMaTpHBaTh 3/€Ch
caywai «B» 6oJee MoApOGHO ellle W MOTOMY, UTO TpexMepHasi rpyi-
na BpallleHuil He obaajaer NOATPYNIOH, Y KOTOPO# Oblio Obl JIKILb
OJlHO OJHO3HAYHOE NpeJCTaBJeHHe OMUchiBaeMoro tumna. Pesyabra-
Thl, K KOTOPbIM MH Obl NDHULIM, aHAJOTHYHBl pe3ysabTaTaM, Moay-
YEeHHBIM B CJydae «a» ¢ YY€TOM CIHHA MIPM HEUETHOM uuC/le JIeK-
TPOFKOB. :
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6. PaccMoTpuM  Temeph  TEOPHIO, YUYMTHIBAIOMLYIO CIHH 3JeK-
tpona [8]. pexnae Bcero Mbl JOJXKHBI CHOBA ONPEAEIUTb Onepa-
a0 K — «obpamienue BpeMeHu», Onepauus K He JoJXKHa H3Me-
HATh CTATHCTHKY DPAcCIIOJIOXKEHHs! YacTHll B NMPOCTPaHCTBe, u6o mpo-
THBOMOJIOXKHO HarlpaBjeHHBle (HO paBHBlE 110 BeJIMYHHE) CKOPOCTH
H CITHHBI 1151 @ ¥ K¢ IOJKHBI UMeTh OAHHAKOBYIO BEDOATHOCTb.

Omnepatop K moxer Gblth JHGO YHHTApHLIM OIEPaTOPOM, JHOGO
npou3BeJeHHeM YHHTAPHOrO omeparopa M oleparopa mepexoja K
KOMILIEKCHO COINpPSIKeHHO! BejuuuHe. B peficTBHTebHOCTH ocyllle-
CTBJISETCH JIHIIb BTOPASl BO3MOXKHOCTb !).

Hrak, K = UK,, roe U — nusefiublii yHuTapHbfi omepartop, a
Ko o3navaer nepexosi K KOMIIEKCHO conpsikeHHofi Besuyune. B cu-
Jy CKa3aHHOTO BBILIE, ONEpPaTopsl X, y, Z KOMMyTHpywr ¢ K:

- x9=KxKg=UKyxKU '9g=UxU""g;
yo=UyU 'q; 29=UzU""9g,

a OnepaTophl Px, Py, Pz U Sx, Sy, S; AHTHKOMMYTHPYIOT ¢ K:

Eoa PR N T Ry

o ox 0=~ UKogy 5 KU 0=Us 75U %
h 0 . h 8 o h 8 h 9
il il A et U Tyt el Al eyl Rl U

s39=~ UKos,KoU™'9= = UsxU™'g;

§,0= — Us;U—]cp; S, = — Us;U—l(p.
W3 BHINHCAHHBIX COOTHOINEHWE BHAHO, YTO JHHEHHBIH YHHTapHBIN
oneparop U KOMMYTHPYET ¢ X, Y, 2 U Py, Py, P. (M, TaKuM oGpasom,
He BJHSIET Ha JeKapToBbl KoopAauHathl). Hro e Kacaercsi CIHHO-
BoIx Matpun Ilayam, To oneparop U aHTHKOMMYTHDYET C BellecT-
BEHHBIMH MAaTpDHLAMH Sy H S; H KOMMYTHPYeT ¢ MHHMOH MaTpule
Sy. Otciona cnepyer, uto onepatop U ¢ TOYHOCTBIO 1O KOHCTAHTHI,
KOTOPYIO MOXKHO OTGPOCHTB, COBNAMAET C Sy. ECAM UHCIO 3JEKTPO-
HoB GoJablue OfHOro, onepatop U coBmagaer ¢ mpou3BeleHMEM oOle-
pPaTOPOB S, BCEX 3JEKTPOHOB:

Kq)(xh Y, By ooy Xy Yuy 2y Opy v vny Un)z
= S1x89% + - Snxq)(xl’ Yy 215 v v o5 Xny Yns By Oy v o ey Gn)=
S\ £
=(=0% ... 0@ (X1, Y 21y oo vr Xny Yny Z) — Oy ooy — Gp)-

, (10)
31O M eCcThb B TOYHOCTH npeobpasopanue Kpamepcea.

V) Cm. koury [9]. Ta e aprymeHtallHs, Koropas NPHBOIHMTCA B 3TOH KHHIe
Aasi ofocHOBaHUs Tepexoia K KOMIVIEKCHO CONpsiKeHHO# BeJWUHHE, NPUMEHUMa U
B PACCMATPHBAEMOM HAMH cJjiyuae, IOCKOJBKY ¥ B KHHIe, H Y HAc peuyb HAer 00
H3MeHeHUH HaNpaBleHUs BpeMeHH,

»



21. O6 onepayuu 06pauwjenus 8pement. 8 KBAHTOBOL MexaHukxe 271

Ioab3ysicb uM, 3anuueM ocHoBHble cBoiicrBa (I)—(I1I) mas
oneparopa K B Buze

Ko=UKUKo=UU®=5s,, ...5,5, ..., 0=(—1)"¢, (la)
K(ag+by)=UK,(ap +b¢) = a’'UKp + b" UKy, (I1a)
(@, V)= (Kob, Ko@) =(UKgp, UK@) = (K¥, Ko). (IT1a)

Ilpu 4eTHOM uHCJe JEKTPOHOB 71 3TH CBOHCTBA COBNAAAOT C
TE€MH, KOTOpbie OLIIH MOJO0XEHbl B OCHOBY NPOBOJUMOIO HAMHM aHa-
gusa. Takum o6pasoM, NMPH YETHOM 1 yKasaHHble CBOHCTBA [MOJ-
HOCTBbIO BBHINOJNHAIOTCA u B Teopuu [layan, OaHako npu HeYeTHOM
ypcse 3/JEKTPOHOB BMecTo paBeHcTBa (I) cnpaBemnuBo paBeHCTBO

Klo=—q; K2=—1. (I6)

JroT caydaii Mbl PacCMOTPUM B CJA€AYIOILeM NYHKTe Hallefl pa-
6OTHI.

Eciu cucteMa CcOAEPXKHT HE TOJbKO IJEKTPOHBI, HO M ApYTHE
YacCTHIbl, TO AJi Hee B 32BHCHUMOCTH OT TOTO, YE€THO WM HEUETHO
IIOJTHOE YHCJIO YacCTHL, OyAeT BhIOJHATbCA aubo pasercrso (I), Ju-
60 paBetctBo (16). IIpu TOM HacTHIy, CIUH KOTOPOH B § pas GoJib-
Ilie CUHa IeKTPOHA, CAeAYeT CUHTATE 3a S YaCTHIL.

7. YXe B c/lyyde YETHOrO YHcsaa 3/1eKTPOHOB GyHKius K¢, Ko-
TOPYIO MBI Ha3biBaeM KOMIJIEKCHO CONPSIKEHHOU ¢ (yHKIHEH @, He
ABJISIETCS. KOMIJIEKCHO CONps:KeHHO# ¢ ¢ B o6bluHOM cMbicie: K¢ u
@ cBs1zaHbl MexAy coboi cootHomeHnem UKop = Ug*. Ilpu Heuer-
HOM YHCJIe 3JeKTPOHOB MBI BOOOle He MOMKeM TOBODHTb O BelLUeCT-
BeHHBIX (QYHKUHAX, MOCKOJIbKY QyHKIHA K@ He paBHa QYHKUMHU ,
a, Ha060pOT, OPTOTrOHANbHA €il:

(Ko, 9)= (Ko, KKg)= — (K¢, ¢)=0. (11)

®yukunio K¢ Ha3oBeM cONpsXKeHHOH ¢ (YHKUHeH ¢, (YHKLHIO
—q@ — conpsxKenHoi ¢ dynkuved Ko u 1. 1.

BeliecTBeHHble ¥ MHHMble ONEpaTOpbl TaKkKe onpejesiiorcs He-
CKOJILKO HHAue, UeM MpexJe, a UMEHHO: BellleCTBEeHHbIM HasbizaeTcs
onepatop A, yAOBJETBOPSIOUHA COOTHOMEHHIO

A=K 'AK=KAK

(mecto upexHero coortsomenus A = K-'AK = —KAK), a Muu-
MBIM — ONepaTop B, YIOB/IETBOPAIOMUH COOTHOMIEHHIO
-1 .
=~ K BK=KBK.

IloMHMO Ha3BaHHBIX B 1. 3 BaXHBIMH @pHMepaMH Bellle-
CTBEHHBIX OINEpPaTOpPOB CJYXKAaT .0nepaTopbl Npeo6pa3oBaHHil OJHUX
JUIIb JeKapTOBbIX KoopauHat Pp u omepaTtophl mpeoGpa3oBaHuil
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CNIMHOBbLIX fiepeMeHHbIX Qp. BaXKHBIMH NpHMEpaMH MHHMBIX ONEPaTO-
POB CAYKaT CIHHOBbIE BENHYHHDL Sky, Shy, Sz

MarpuyHbie 3/4€MeHTbl BEHIeCTBEHHBbIX 3PMHUTOBHIX ONEPATOPOB,
CBSI3bIBAIOLIHE CONPsIzKeHHble PYHKUHH, pPaBHbl HYJIIO:

(Ko, Ag)=(KAg, K’¢)= — (AKo, ¢)= — (Ko, Ap). (12)

Cpenuue 3HauyeHWs BelleCTBEHHOTO 3PMHUTOBa oneparopa A aas
ABYX CONPSKEHHBIX (DYHKIMHA paBHbL, CpeJHHe 3HAUEHHSI MHHMMOLO
onmeparopa B aas ABYX CONPAMNKEHHBIX (QYHKUMH PaBHBI N[O MO-
JYJI10, HO OTJIHYAIOTCS 110 3HAKY:

(p, Bp)=(KBo, Kg)= — (BK9, K¢)= — (Ko, BKg). (13)

[Tockoabky co6cTReHHBle QYHKUMH MOXHO BHOGpPaTh OpPTOro-
HaJbHBIMH TaK, YTO OHH OYAyT O00pasoBLIBAThH Maphbl CONMPSIKEHHDLIX
GYHKIUA, cpeHee 3HAUYEHNE MHUMOrO ONEpaTopa A8 COBOKYNHOCTH
BCeX COCTOAHHH, OTBeUalOUUX OJHOH H TOH Xe 3HeprHH, Oyler paB-
HO HYJIIO B CHJTY cooTHoweHus (13). '

8. PaBenctBo K? = -—1 oOycnoBiauBaer cyilecTBeHHOe pasfu-
yie BLIPOXK/IEHUA B CAyYaaX HEUETHOTO M UYETHOrO YuUCIa 3JEKTPO-
HoB. Herpynno BuAeTh, uTO y cucCTeMBl, He ofJafaiomefi npocTpan-
CTBEHHOH CHMMeTpHeH, Bcerga HaobJa04aercs ABYKPaTHOE BBIPO-
JKJIeHHEe: JBe OpPTOTOHaJbHble QYHKUMH ¢ M K@ npuHAajjexar OA-
HOMY H TOMY ke cOGCTBEHHOMY 3HauyeHHI0, MaTpHuHble 3JeMeHTbl
BelIeCTBEHHbIX ONEPATOPOB AJisl CONPSKEHHBIX (QYHKIHH KOMIJIEKC-
HO CONpSIZKEeHBI:

(b Ay) = (KAY;, Kby = (Kb, AKpy). (14)

Yro ke Kacaercsi CBOHCTB CHCTEM, oOJjajaloliux OPOCTPAHCTBEH-
HOH CHMMETpHEN, TO OHH TaK:Ke CHAbLHO Pa3/MyaroTcs IJisi CHCTEM
C HEYeTHBLIM M YETHLIM YMCJIOM 3JeKTpoHOB. Tak e Kak W B 0. 5,
HeoOXOAUMO pasnuuaTh CJaedyoLiHe TpU cayyas:

Cayuaii «a». Ecan paccMaTpuBaeMbifi ypoBeHb IIPHHALNEKUT
BelllecTBEHHOMY npenctasienuio D = D* t1o u3 dopmynws (5),
uMeroleii Terneps BUA

!
KO b, = 0K, = X D (R, K., (15)
=

crenyer, yto GyHkuus Ky, HpHHAMIEKHT A-H CTpOKe mpejcrasJe-
Hua D. Takum. o6pasom, snemedT cuMmmerpuu K o6ycaoBnuBaer
IBYKpPaTHOE BLIPOXKJEHHE, T. € KPATHOCTh BEUIECTBEHHBIX NpelI-
cTaB/ieHul Bcerjna pasHa 2,

Has onepatopoB, o6nafamolluX NPOCTPAHCTBEHHOH cUMMeTpuel
3ajzauu, oObluHble (OPMYJEL TEOPHH HpENCTaBJIEHUH [IJAf1 MATPuUY-
HBIX 2J4eMeHTOB W cooTHomleHust (13)—{(15) no3BOASIOT MOAYYHTH
HeKOTOphble HOBble cBeleHHsl. B dacTHocTH, oKa3bBaeTcHd, 4to s
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“«CHMMETPHYHOTO>»  BEIHECTBEHHOTO IPMHTOBA oneparopa Bce Ma-
TPHYHBbIE 3JIeMEHThl, CBA3LBAIOMHE pa3/HuHble coOcTBeHHble (YHK-
~1lM¥ C OJAHON M TOH XKe 3Heprueil, o6pallalTcsd B HYJb, a CpelHHE
3HaYeHHsl, BBIYHUCIEHHBIE JJA OTAEJNbHBIX COOGCTBEHHBIX (QPYHKIHH,

- paBubl. Takmm o6pasoMm, B HNpocTPpaHCTBe (YHKIHH, OTBevaloLLuX
-0AHOMY cOOCTBEHHOMY 3HAYeHHIO, MPHUBOJHMOE MpPEICTaBleHHE Be-
JetT cebs Tak, Kak ecJH Obl OHO ObLJIO HENPUBOAUMbIM.

Cayuail «6». CpoficTBa cHcTeMbl 0cOGEHHO OpoCTHl jaas  coO-
CTBEHHBIX 3HAa4YeHUH, OTBeYalOIUUX MNpeACTaBJEHHAM, He 9KBHBa-
JEHTHBIM KOMIJIEKCHO COTpSKEHHbIM ¢ HHMH. Bce paccyxnenus,
npuBejeHHble B 0. b, OCTAlOTCA B CWje M JJd9 PAacCMaTPpHBAEMOro
cayuas.

Caywaii «s». Ecau npencrasmenuss D u D* sKBUBa/EHTHBI, TO
HX MOXHO TpPaHChHOPMHPOBATH APYr B APYra C NOMOIUIb) HEKOTO-
poro yuutapHoro npeo6pasosanus S. Ilycte

SD(R)S™'=D"(R), S'D'(R)S"'=D(R). (16)
Torna
S*SD(R)S™'S*'=8"D"(R)S"™' = D(R). (17)

TakuM o6paszoM, mnpeo6pazoBanne S*S KOMMYTHpPYeT cO BCEMH
D(R), u, cnenoBatesbHO, €r0 MaTpHLla KpaTHa efuHuunoi: S=cE.
Orcioga crenyer u ofpaTHoe paBeHCTBO £ = ¢S, B cuny KOTOpOTo

¢ = *x]1. B HaweM cayyae ¢ = —1, nockonabKy npu ¢ = +1! npen-
CTaBJIEHUS MPHUBOJATCS K BelllecTBeHHO! opme. Mrak,
E=-S8. (18)

.DTO 03HavYaeT, YTO BCE APENCTABJEHHS THMA «B» UMEIOT JHIIbL 4eT-
Hble pasmepHoct. [lpu tpanchopMauuu npeacrassesus D (R)
yuutaprofi matpuueit U matpuua S; nepesoasiias D s D* mnepe-
xonut B Mmarpuny U’SU. C nomowmbio noxxoisuiero sui6opa 6a-
suca npegcrasnedusi D(R) wmarpuny S B ¢opmyae (18) Bceraa
MOKHO MpeAcTaBuTh [7] B BHIE

00 0 i..
00 —i 0..

S= : 18
.0 i 0 0. (182)
i 0 0 0...

[TosTomy, He orpaHmuyMBas OOGLIHOCTH, MOXKHO CYHTaTh, YTO MOJY-
nesnble NpPeACTaBjeHdss TPeXMepHO# rpynnsl BpalleHuii (mpuHamJe-
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)Kaniie K paccMaTpUBAeMOi KaTeropMu) BbIGpaHBI B TakKoM BHJE,
npu Kotopom Marpuua S umeer dopmy (18a). B stom ciayuae
CTpOKH u croabunt Matpun D u S (a cinenosarenbHo, H COOCTBEH-
HBle (VHKOHH) ynoOHee HyMepoBaTh He I, 2, ..., a uncaamu —j,
—j+1, ..., j—1, j, roe j— noayuenoe uucio, torma 2j + 1 —
pa3MepHOCTb TpeACTaBJeHHus.

Ilpu rtaxoil HymMepaumHu U3 COOTHOWeHHH (16) caenmyer!)

D" (R)yy = i* "D (R)—py (=) = (= ' "D(R)(=py (= (162)

HeiictBys onepaTopoM K Ha Npasylo H JAEBYIO UacTH (POPMYJibl
npeobpasosauus (5) mas Py, nodyuaem [mMaTpuua S cuutaercs
npusegenuolt K Buay (18a)]

QR‘bu = %1‘ D (R)vp,'\bv’ ORi?MK'\pu = ; D (R)(——v) (=) iQVK\Pv. (19)

Qopmyast (19) osxauaior, uto (yHKuHs 24K, NpHHALIEKHT
(—w)-# crpoxe npencrasdedus D(R). Beenem dyuxuuu u u v:

Uy =Py, + iKYy v, =i, — i KY_,). (20)

Sleno, yro mop peficTBuEM NPOCTPAHCTBEHHBIX NpeobpasoBanuilt R
u obpamiedus ppeMetn K QyHKuuu u npeobpasyloTcs TOJLKO 4e-
pes u, a GyHKIHH v — TONbKO yepe3 v. C/eA0BATENBHO, NPH HEYET-
HOM 4HCJie 3JeKTPOHOB /4 COOCTBEHHBIX 3HaueHHi, OTBEYAIOWHX
IPEACTaBJAEHHSAM THIa «B», HUKAKOro AOMOAHUTENABHOTO BHIPOXKAE-
Hus e npoucxoiut. Ilpu stoMm, He orpauuuuBasi oGUIHOCTH, MOXKHO
CYUUTATH, YTO COOCTBeHHble (YHKIUH YAOBJACTBOPSIOT COOTHOLIEHHUIO

Ky + ™y =0, @1

CIpaBeNJUBOMY TaKXKe jfJjisi GYHKUMH u U ©.

Urto6bl HPOJEMOHCTPUPOBATDL, KaK ClAefyer MONb30BaTbCsi 3THM
COOTHOLICHWEM, PAaCCMOTPUM MAaTPHUYHbE 3/eMeHThi MHUMOro 3p-
MHTOB2 ONEpaTopa, CBsizblBatolllue coGCTBeHHBle (YHKUWH, OTBe-
yaiue coOCTBEHHOMY 3HAUGHMUIO THMA «BY:

('q:’w By,) = — (BK,, K"Pu.) =—(- l)u—v(¢~u’ Blp—v)*' (22)

Ecau omepatop B ofsanaer nojHoN CUMMETpHEl 3a1auH, TO BCE
MaTpH4Hble 3j7eMeHTHl (22) ofpaiiatorcs B Hyab. [lpu p %= v 310
NPOUCXOJUT NOTOMY, uTO GYHKLIMHM Py ¥ P, NPUHAJJIERAT pasiuy-
HBIM CTPOKaM InpeicTaBjeHus D; mpu p = v — o MHO#A npuyuie,
[Ipn p = v Bce MATpPHUHbBIE 3JCMEHTH JOAKHbH OBITH paBHBIMH H,
Kak BULHO u3 dopmyanl (22), muuMmbiMu. B 10 Xe Bpemsi B cuiy
PMUTOBOCTH onepaTtopa B OHW HOMKHB ObiThb  BelieCTBEHHBIMH,

1} Xora penovuc/ieHHble NpPeACTaBJIeHUsT TPeXMEPHON rpyNMbi BpalleHUit H OT-
HOCATCA K MNpelcTaBJeHusM THNA <«ay, OOGbMHO HMX NPHHATO BBHIGHpaTL B (opMe,
s KOTOPOH CHpaBelJ IHBbl cooTHoWieHHsa (16a).
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TTonyuenHoe npoTHBOpeuyne AoKa3blBA€T, 4TO OPH W =V BCce Ma-
TPUYHBlEe 3JeMeHThl paBHbl Hyso. C/eA0BaTENbHO, CpejHee 3Haue-
HHEe MHHMOTO 3PMHTOBa oneparopa, o0/Jafamollero MoJHOH cUMMe-
TpHeH 3amauu, AJA BCeX CTAUHOHApHBIX COCTOAHHH PaBHO HYJIO.

Cnepxyer oO6paTHTb BHHMAaHHe Ha TO, YTO IPH YETHOM 4HC/E
JIEKTPOHOB CJIyyali «a» 3KBHUBaJeHTEH CAYYalo «B» IPH HEYETHOM
yhcJie -3JeKTPOHOB W Hao6opoT. 710 CBA3aHO ¢ TeM, YTO NPEJACTaB-
JIEHUSl TPYNUL npeo0pasoBaHuli Qp NMPH YETHOM UHC/E 3NEKTPOHOB
NpUHAJJIeKAT K THIY «a», a IPH HeueTHOM — K Tumy «B». Ecau cu-
CTEMAa COIEPIKHUT He TOJbKO IJEKTPOHBI, HO €llie ¥ APYTHe 4aCTHUDL,
TO CHpaBeJJIHBO dHAJOTHUHOE YTBEpKJeHHE, B KOTOPOM BMECTO
«UETHOTO UHCAA 3JAEKTPOHOB» JOJKHO CTOSTh «UETHOE YHC/I0 4a-
CTHL C MOJYLEJNbIM CITHHOMY,

9. TTonuepkHeM ellle pa3 pasauude B HHTepmperamuu «obparie-
HHSI BPEMeHH» W OOBLIUHBIX MNpOCTpaHCTBeHHBIX cumMeTpui. Ouo
CBfI3aHO C HeJHHEHHOCTBIO ONepaluy, obpaimlawined BpeMs, BXOAA-
iee B BOMHOBYWO (yHKuuoo. OCHOBHOH MPEANMOCHUIKON HaCTOSILIEH
paboThl OOCAYXKHAO 3aMedyaHue o0 HHBAPUAHTHOCTH BCeH 3a1a4H

OTHOCHTE/bHO npeobpasoBanus ¢ = —L.
Ecau ke 3ajaya He MHBapHaHTHAZ OTHOCHTEJIbHO npeobpasoBa-
Husi t' = —{f, To npeobpasoBaHusA, cojepxKaulue ofpanleHue Bpe-

MeHH, TeM He MeHee cyillecTByior, Hanpumep, oHOpoAHOe MAarHuT-
Hoe moJse obnajzaer 371eMeHTOM CHMMETPHUH: OTpaKeHHe B IJIOCKO-
CTH, NePNeHAUKYASIPHOH MAarHuTHOMY 1010, C OJHOBPEMEHHBIM
H3MeHeHHeM 3HaKa f. B cuy 3108 cuMMeTpuH co6CTBeHHble HYHKIHH
(ecnn OTGPOCUTH MHOXKUTEb €7"®) BelleCTBEHHDI.

B rex AByX moaxoJax K NPHMEHEeHHI0 TEOPETHKO-TPYNIOBLIX CO-
obpaxeHuil, 0 KOTOPbIX Mbl ynoMuHadau B m. [, obpalleHue Bpe-
MeHH mposiBasieTrcsi no-pasHomy. Tak, npum BTOpPOM moixome (T. €.
NpH HYJEBOM MOJHOM HMOYJbCE CHCTEMBI) ofpallleHHe BpeMeHH 06-
VC/OBJHBAET CYLIECTBOBAHHE HEBLIPOXKAEHHBIX YPOBHEH ¢ OcobeH-
HO MpPOCTHIMH CBOHACTBAMH (HMEETCSI B BHIAY, UTO UMCJAO YACTHIL
C moJyuesbiM cnuHOM yeTHO). Hanpumep, cpeanuii MarHuTHBI Mo-
MEeHT TaKoll cucTeMbl B JIOG0OM HampaBJeHHH paBeH HYJO. ITO
CBOMCTBO, pasyMeercs, He CJAelyeT H3 TOro, UTO IOJHBI YIVIOBO#
MOMEHT paBeH HYJ0, NOCKOJAbKY B CHCTeMY BXOAST 4acTUlbl He
TONbKO OfHOro copta. Hao6opoT, npu HeueTHOM uucae yacTHil He
CYL1ECTBYET HEBLIPOXK/eHHBIX COCTOSTHHUIL.

[Ipn nepsom moaxofe (T. €. mpu (PUKCUPOBAHHLIX sApax) CHUM-
MeTpHsl TaKiKe MO03BOJSET NOJAYY4aTb passidyHble pe3y/bTaTh, Ha-
TIPHUMEP YCTAHOBMTb, UTO CPEAHHH YrIOBOH MOMEHT 3JIEKTPOHOB pa-
BeH HYJI0 OPU COBEpLIEHHO HECUMMETPHYHON KOHGQUrypaluu f4pa
(M 4eTHOM uMCJie 3JEeKTPOHOB). DTOT pesyqbTat, mo MHeHuio BaH-
®gexa, urpaer 0co6eHHO BaXHYIO POJb B TEOPUH AWAMarHeTH3Ma
GOJIBUIMHCTBA BeIECTB, NOCKOAbKY MATCHHTHBIA MOMeEHT, 00YCJ/ioB-
JIeHHBIH ABHXKeHUeM fjliep, OueHb MaJl.
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JIOKAJIM30BAHHBIE COCTOSIHUSA 3JIEMEHTAPHBIX
CHUCTEMY)

BBEJIEHHE

Xopouio u3BeCTHO, 4TO COOOpaKeHH! CHMMETPHH JAOCTATOYHO
JJ1s1 TIepeuncIeHdsi PENATHBHCTCKHX YPABHEHHH 3JeMEHTapHBIX CH-
crem [1]2). IlonATue «3/neMeHTapHas CHCTEMa», OJHAKO, He COBCEM
IKBUBAJIEHTHO HHTYMTHBHOMY NpeACTABJEHHIO 00 3JeMEHTapHOH
yacTuie. VHTYWTUBHO MBI cuMTaem YacTHLY <«3J1€MEHTAapHOH», ecJH
y Hac He BO3HMKAET HEOGXOAMMOCTH HAJENsiTh ee BHYTPEHHEH
cTpyktypo#l. TloHaTHe «s/qeMeHTapHas CHCTeMa», NJs KOTOPOH MO-
XKHO OCYLIECTBUTH YNMOMSIHYTOE BHILE IepPeYHC/IeHHe Ppe/IsiTHBHCT-
CKHX YpaBHeHHH, HOCHT HeCKOJbKO O6oJiee SBHBI XapaKrep: Bce
COCTOSIHHSI TAKOH CHCTEMbl JOJKHbl OBITh NpPEACTaBUMBl B BUJE
cynepno3unuu o6pasoB 406020 COCTOSIHHSA, MOJYUEHHBIX B pe3yJb-
TaTe PENATHBUCTCKHX mpeo6pasoBanufl. MlHaye rosops, Mexay pas-
JMYHBIMH COCTOSTHHSIMH CHCTEMBbl, AONYCKAIUWIUMU NPHHLAN CyIep-
N03HLUH, HE NOJIKHO ObITh DEJSTHBACTCKM MHBAPHAHTHOTO DAaajin-
ypsl. ITO YCJOBHE HEpelKo HAa3blBAaIOT YCJOBHEM HEHPHBOJHUMOCTH.
TMoa pensiTHBHCTCKMMH Npeo6pasoBaHUSAMU NOADA3yMeBaloTCsi He
TOJMLKO OOBIYHble npeoGpaszoBaHus JlopeHua, HO TaKikKe MOBOPOTHI
H CIBHIH BO BPeMEHHU M B IIPOCTPAHCTEBE.

Posnb sneMeHTapHEIX CHCTEM KaK Ha4aJbHBIX W KOHEUHBIX CO-
CTOSIHMH B Mpoleccax CTOJKHOBEHMH W MX CBfI3b ¢ TEOpHeldl MaTpu-
IIbl CTOJKHOBEHHH MBI PACCMOTPHM B KOHLe CTaTbH, a Tenepn 06-
paTuMCA K HM3YYEHHIO CBSI3H MEXAY 3/JeMEHTapDHbBIMH CHCTEMaMH
H 3JleMeHTapHbIMM YaCTHIAMH.

B noHaTuu sneMeHTapHOH wacTHlbl Haubojee BAaXKHYIO PONb HI-
pawor, no-BHAMMOMY, ABa ycaoBus. IlepBoe coctout B TOM, YTo €O-
CTOSIHHSL 3JIEMEHTAPHON YacTHLbl 06pas3yloT 3JleMEHTAPHYIO CHCTEMY
B YKasaHHOM Bbille cMbicje. ITO YCJAOBHE COBEPIUIEHHO OJHO-
3HayHO. BTopoe ycioBue (QOPMYJSHPYETCSi He CTOJb YETKO: Mpel-
cTaBjeHHe 00 3JEeMEHTAapHOH yacTHlle KaK O 4acTHUe, HAJeNeHHOH
CTPYKTYPOH, T. €. COCTOsIled W3 JPYrHX YacTHL, A0JXKHO OHIThb

1} Ms xypnasa: Rev. Mod. Phys., 21, 400 (1949). Cratbs Hanmucanma co-
smectHo ¢ T. HploToHOM.

2) TlonaTHe «37eMeHTapHas CHCTEMa», CMbIC] KOTOPOro OymeT oObsicHeH HWXKe,
103BOJISIET ONHCHBATh COBOKYNHOCTh COCTOSHHHA, OGpasyIOWHX, KaK roOBOPHAT MaTe-
MAaTHKH, NPOCTPAHCTBO HENPHBOAMMOrO NpeACTaBJICHHS HEOAHOPOAHOMH rpyins Jlo-
peHua.
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HenesecoofpasubiM. B cayuae sjaexTposa uin HpoToHa o6a ycaoBus
BBITNOJNHAIOTCA, H OTHOCHTE/TbHO 3JE€MEHTapHOro Xapakrepa 3ITHX ua-
CTHIl HHKAaKHX BONPOCOB He BO3HHMKaeT. [[nsi atoMa BOJOpoOJa, Ha-
XOAAHIerocss B OCHOBHOM COCTOSIHHH, BBIIOJMHSETCA JHIIb [E€pPBOL
yCJOBHE, H Mbl He CulTaeM aToM BOAODPOJA 3JEMEHTapHOH 4YacTH-
Heu, .
B cnyuae m-Me30Ha cHTyalust MeHee sicHa. KadecTBeHHO m-Me-
30H HHYEM He OTJIHNYAeTCst OT OYeHb PE3KOTO Pe30HAHCHOry COCTOA-
Husl, 00pasyIollerocss NpH CTOJNKHOBEHHH W-ME30HAa M HEHTPHHO.
Crporo roBopsi, COCTOSHHSI f-Me30Ha He 00pasyiT 3aeMeHTapHOM
CHCTEMB!, TMOCKOJAbKY NOC/AE HOCTATOUHO OOJBIIOTO HPOMEXYTKa
BPEMEHH T-ME30H MOXKeT NpeTeplerTb pacnaj, a pasjuuHe Mexzay
COCTOSIHHAIMH JI0 M MocJe pacrnajla, OUEBHAHO, PENATUBHCTCKH HH-
BapuadTHO. Tem He MeHee BpeMsl KU3HH N-ME30HA OUYEHL BEJNHKO
N0 CPaBHEHMIO ¢ JIOOBIM X4PaKTeDHbIM HHTEPBAJIOM BpeMeHM (Ha-
IpHMep, 1O cpaBHeHHIO ¢ h/mc?), a B mpeienax 3ITOro BpPEMEHH
JKH3HH COCTOSIHHf f-Me30Ha 00pa3yIoT 3JeMEHTApHYIQ CHCTEMY.
C npyrofi CTOPOHBI, CBOHCTBA J-M@30HA CHJBHO OTJHUYAIOTCS OT TeX,
KOTOpble MOXHO OblIo OBl 0XHJAThb OT CHCTEMBl, COCTOSIIUEH U3
u-me3ona u HeiirpuHo. CsefoBaTeNbHO, BTOpPOE YCJIOBHE, MpelbAB-
JfeMoe K 3JeMEHTAPHOH yacrule, B CJydyae n-Me30HAa BLINMOJHEHO.
MmenHo 3To yc/i0BMe He HMMeEeT aHajioTa B OUPENEJEHHH 3JeMeH-
TapHO# cucteMbl. TakuMm o06pas3oM, HOHSATHE 3IJEMEHTapHOH CH-
cTeMbl ropasjo Upe MOHATHS 3/1eMEHTapHOM YacTHLB: Kak ykKe
rOBOPHAOCL Bbillle, HAXOASAWHKIACT B HOPMAJbLHOM COCTOSIHHH aTOM
BOJOPOJA MOXKHO CUHTATh 3/€MEHTaPHOH CHCTEMOIL.

Besikylo cucteMy, Jaxe ecJd OHAa COCTOHT H3 MPOH3BOJBHOTO
qMCIa YacTHI, MOXKHO Pa3/IOAKHUTb HA 3J1€MEHTapHble CHCTeMbl. DTU
5JieMEHTapHbiE CHCTEMBI MOMKHO ONpPEN&SHTb PENATHBHCTCKH HHBA-
pHAHTHBLIM 00pa3oM KakK CHCTeMBbl, cojepiKalliue JHIIb HEKOTOphHIe,
BIIOJIHE ONpeleseHHble cocTOfHUA. Tak, cyKeHHe MHOXKeCTBa ¢O-
CTOSHHH aTOMOB BOJOPOLA JO OCHOBHOTO COCTOSIHHS TO3BOASET
BHIOpaTh 3J1eMeHTapHYI0 CHCTEMY H3 BCEX COCTOSHHN (KOTOpble B CO-
BOKYIHOCTH He 06pasyior s/jeMeHTapHO# cucreMbl). llenecoobpas-
HOCTb DPasjIoKeHUs Ha 3JAEeMeHTapHble CHCTeMbl 3aBUCHT OT TOrO,
KaK 4YacTo NPHXOJHTCA HMeETb A0 ¢ AUHEAHBIMH KOMOHHANUSMH,
coJlepXKAMUMH HECKOMBbKO TAKUX CHCTEM,

OrpoMHBIM HeJOCTATKOM MCIIOJIb30BAHHA 3JEMEHTAapHLIX CHCTEM
KaK OCHOBHl TeEOpHH CJAYXHT TO OOCTOSTENbCTBO, YTO HUX Cyile-
CTBOBaHMe BBIBOJHTCHA M3 INPHHIUIOB KBAaHTOBOH MeXaHMKH ¢ MO-
MOIIBIO BechMa TOHKHX M aOCTpaKkTHHIX paccyxpaeHuii. B pesyds-
TaTe BblpaXeHWs [JJA HEKOTOpPHIX HaHnboJee BaKHBIX ONEPaTOpOB
0Ka3biBAlOTCSt «yTepsiHHBIMH 1o jgopores. EnuncrsenHniMu $usuge-
CKUMH BEJHUMHAMH, IJISI KOTOPBHIX TEOpPHS 3JEMEHTaAPHBEIX CHCTEM
[O3BOJIAAET MOJYYHTb $IBHblE BbIpA’KEHHS, SBJSIOTCH  KOMIOHEHTHI
BEKTOpa 9HEepPTUH — UMOYJIbCA M WIeCTh KOMIOHEHT TeH3opa peds-
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THUBHMCTCKOTO yrjioBoro MoMeHTa. llenp HacTosIled CTATBH COCTOUT
B TOM, 4TOOBI NOMNBITATBCH HAaWTH OOILHE, OCHOBAHHbLIE HA CBOH-
CTBAX CHMMETPHH MPHHLUOB, KOTOpbie NO3BOJHIU Obl MOJYYHTH
fIBHBle BbIpaKeHus /I8 ONepaTopoB KOOpJHHAT.

B cayuae, korga Mil OrpaHHuYuBAEMCsl PacCMOTPEHHEM 3JeMeH-
TapHOU cucTeMbl, (H3HYECKAsd HHTEPNPETAUHA HCKOMbBIX Oneparto-
pOB OJHO3HAYHA: ecad peub WAeT 06 OJHOH 3JeMEeHTApHOH YacTH-
e, TO 3TH ONEPATOPBI OTBEYAIOT €e KOODAHHATAM; €CJaH KE uUMeeT-
€Sl HECKOJbKO YacTHI, TO ONMepaTopbl COOTBETCTBYIOT KOOPJHHATAM
ueHtpa Macc. Ilpuw paccMoTpeHHu Ke HEIMEMEHTApHOH CHCTEMb
HHTEpIpeTalusi HCKOMBIX OHNEpaTOpPOB HEeAMHCTBEHHA, H IPUHSITHIE
HaMH TOCTYJaTbl He NPHUBOJASAT K OJHO3HAYHO ONpeJeleHHOMY Ha-
6opy omepaTopoB.

Ilpexne weM NpPHCTYNATh K H3J0XKEHHIO HAIIUX DE3YJbTATOB,
YIOMSIHEM O JPYTHX HCCJAEAOBAHMSX, NPOBOAMBIIHXCH € aHAJOTHY-
HBIMH negsmy. I1poGaemy LEHATpa Macc B TEOPUM OTHOCHTEIBHOCTH
paccMaTpHBAJH Ha OCHOBE KJACCHUYECKOH MeXaHHKH DAAUHIrTOH [2] u
®okxkep [3]; ux pabGora Onuia oueHeHa no AocTouHCTBY, Ilpaiic [4]
RaJ KBaHTOBOMeXaHHWyecKoe o0oO0lleHHe MOJYUYEHHBIX UMM Pe3yJib-
TATOB; B NajbHelilleM HaM ellie HEOJHOKPATHO TNMPHAETCH CChlIaTh-
csi Ha pabory Ilpafica. Mumeun, 6auskue k BhicKazaHHbIM B palore
Ipaiica, snepsble BoiaBuHya Upenaunrep [5, 6], a nosguee — Pun-
KenpuiTeid [7] u Menanep [8]1).

Hacrosimas craTbs BO3HHKJIA KaK Pe3yJbTaT NMOBTOPHOrO HCcJe-
NOBaHHs1 HeNPUBOJAMMBIX IpejcTaBjeHHH npoctpaHcTtBa ge Currepa
[10], npexnpuHsToro onuum u3 astopos [11]. Dtu npencrasaenus
HaxXoAATCsH BO B3dHMHO OJHO3HAYHOM COOTBETCTBHH C DEJISTHBUCT-
CKH HHBApHAHTHLIMH BOJIHOBbLIMH YPaBHEHUSIMH AJIsi 3/€MEHTapHBIX
cucteM B npocrpaHcrBe ae Curtrepa. B urtore mccaefosanus yia-
J0Ch BLIICHHTB, UTO (H3UYECKHH CMBICJ MONYUYEHHBIX ypaBHEHUH
Obl1 6bl HAaMHOrO npo3pauHee, ecjJu OBl ONEPATOPBl KOOPAMHAT
MOXKHO OblIO HaliTH Ha OCHOBE TEOPETHKO-TPYINOBBIX COOGPaKeHUH.
[TeppoHauanbHo 3Ty mnporpaMMmy peileHo OblI0  OCYLIECTBUTD
IJI TJ0CKoro npoctpadcrsa. [TonyueHHBle pe3yabTaThl uaaaraiorcs
HUXKeE.

NOCTYJIATB! JIA JIOKAJIM3OBAHHDBIX COCTOSAHUH
W OTIEPATOPBI KOOPAMHAT

3anucath onepaTop KOOpAHHAT OO 6bl COBCceM HETPYJHO,
eca Obl Oblla M3BECTHA BOJHOBAA (QYHKUHSA COCTOAHHA (MM CO-
CTOsIHHH), Y KOTOporo npu ¢ = 0 Bce TpM OPOCTPaAHCTBEHHBEIE KOOpP-
AuHATH o6pamaTess B Hyab. Ecau ¢y — takas dyuknus u T(a)—
onepaTtop CABHTA HA Qy, Ay, Q;, G; BAOJL COOTBETCTBYIOIIHX KOOp-
TWHATHBHIX ocell, To BoJHOBas ¢yHKIHsA T (a)y oTBeuaer COCTOAHHUIO,

1 Cwm. TaKxe pa60Ty- {9l
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AJI KOTOPOTO B MOMEHT BpeMeHH 4; [POCTPAHCTBEHHLIE KO-
OpPAHHATH NPHHHMAIOT 3HAYEHUS Ay, Ay, d,. [aKHM 06pasoM, 3Had
BOJIHOBLIe (YHKUHH, COOTBETCTBYIOLLHe COCTORHHI0O X =Yy =2 =0
npu { =0 (41 oneparTopbl C/BHTa), MLl TEM caMblM 3HaeM BCe JIOKa-
NH30BaHHble COCTOSIHHA, T. €. Bce cOGCTBeHHble PYHKIHH ONepaTopoB
koopaunar. OTciofia yXe HETPYAHO NMOJYYHTbL ONEpaTOPbl KOOPAU-
HAT. YuuTblBas BCe CKa3aHHOE, MbI COCPEAOTOUUM CBOEe BHHUMAaHUE
Ha MOJIyYeHHH BOJHOBBIX (YHKLHH TeX COCTOSIHUM, KOTOpble B MO-
MeHT BpeMeHH { = 0 JOKa/JH30BaHbl B Hayaje KOOpAHHAT.

Bynem cuutaTh, 4T0 COCTOSIHMSA, NPEACTaB/SIOLIME CHCTEMY, J0-
KaJau30BaHHy npu [ =0 B Touke ¥ =y = 2 = (), yJ0BJAETBOPSAIOT
CJIENYIOIIHM NOCTy/aTaM:

a) oHu o0pasyioT JuHelHOe BEKTOPHOE NpocTpaHcTso Sy, T. €.
Cynepno3HLUs JBYX TAKHX JIOKAJHU30BAHHBIX COCTOSIHHH JIOKAJIH30-
BaHAa TakK e, KaK COCTOSIHHA-CJaraeMble;

0) mpocTpaHCTBO COCTOSIHHHA Sy MHBADHAHTHO OTHOCHTEJBLHO I10-
BOPOTOB BOKDYr HauaJja KOOpPJHHAT H OTpa)KeHui (MHBEpCHH) Kak
IIPOCTPAHCTBEHHBIX KOOPAMHAT, TAK H BPEMEHH;

B) eClH COCTOsHHE P MPUHAAJEKHT K UKCAY COCTOAHMH, JoKa-
JH30BaHHbIX Npu { = () B Hayaje KOOPAMHAT, TO B pe3YJbTaTe UPO-
CTPAHCTBEHHOTO CABHIa COCTOSIHHE 1 NEePeXofAuT B COCTOSIHHUE,
OPTOTrOHaJ/bHOE BCEM COCTOSIHHSIM, BXOASALIHM B Sp;

r) nosjHee OGYAYT elle BBeJeHbl HEKOTOpble YC/JIOBHA peryasp-
HOCTH, CMBICJI KOTOPBHIX CBOAMTC B OCHOBHOM K TOMY, 4TO K pac-
CMATPHBAEMBIM COCTOSHHSIM JOJKHbl ObITh NPHMEHWMBI BCe HHPHU-
HUTE3UMaJbHble onepatopsl rpynnsl JlopeHua.

Caepyer 0XunaTh, YTO COCTOSIHHA, JOKaJIU30BaHHble B Ompe-
JefeHHBIX TOYKaxX NPOCTPAHCTBa, MO CBOHM CBOHCTBAM AaHAJOrHY-
HBl (DYHKUHSAM HENpPEpPBIBHOTO CHEKTpa, T. €, CaMH He MPHHAaLIexar
Kaaccy KBaJApaTHYHO HHTErpHpPyeMblX (YHKUHH, HO SIBJAIOTCA Mmpe-
fdenamyu takux ¢ysxkuui. Ham xaxeres, uro chopmyampoBaHubie
Bhlllle TIOCTYJATHl CJAYMKAT [AOCTATOYHO PA3yMHLIM BblpazKeHHeM I[10-
HSITHS JIOKAJIM3aLUK CHCTEMBI, W BCAKY!O0 CHCTEMY, He YAOBJETBO-
pAINYI0 cofepXallUMCs B 3THX MOCTyjdartax TpeOOBaHHAM, ecTe-
CTBEHHO Ha3BaTb HeJIOKaJaH3yeMOH.

Hamuy BblyncsieHuss 6yAyT NPOU3BOAMTBLCS AJsi peasu3alud dJje-
MEHTapHbIX cucTeM, onucausHoli bBaprmanom w Burmepom [13}
Hrak, npucrynaeM K BbIKJaAKaM.

BECCITMHOBASA YACTHLA (UACTHLIA KJEMHA — I'OPAOHA)

OTblcKaHHe JIOKAJH30BAHHOTO COCTOSHHR B cjayuyae OeCCIHHO-
BHIX YACTHI NPOUCXOANT O0cOO0eHHO MpocTo. MBI IPHBOAHM BbIKJAAA-
KH C HEKOTOPHIMU NO/J(POGHOCTAMY JUUIL MOTOMY, YTO N0 CYLIECTBY
Te JKe 3Tanbl BHIUHCJAEHHMH BCTPEYaloTCs H NPH PACCMOTPEHHMH Yya-
CTHI CO CITHHOM.
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B nanuoM cayuae BOJIHOBbie GYHKIMH ONpPeJeleHbl Ha MOJOMXKH-
TeJLHOM 10Je THiepOoaousa

2 2 ) ) 2
p()_p1+p2+p3+“' ’
H B KayecTBe HE3aBHCHMBIX MepeMeHHBIX MBI BHIGHpAaeM p;, Ps, Ps.
o o 2 2 2 2,8
B nw06oit popmysae po osuauaer (pj+ pj+ p;+ )t WuBapuasr-
HOE CKaJsipHOe Npou3BeJeHHe HMeeT BUTL,

*(P1s Pas » Pas dpy, d
(b, @)=f f J' $*(p1 Py Ps)‘P(P;)O P2, ps) dpy dp, dps . (1)

Bonuosass ¢ynkuuss @ B KOOPAHHATHOM MPOCTPAHCTBE 3aMUCHI-
BaeTcs CaeAyoUIHM 06pa3oM:

O, 22 x5 ) =07 [ e(p, po p) X

dp, dp, dp; 9
Po ! ( )

X exp(—i{x, ph
rae
{x, pt=x"—x'p' — xp* — x%p° =
= XoPo — X1P) — Koy — Xapy (3)

— JIOpEHII-HHBAPHAHTHOe CcKa/JfApHOe mnpousBeneHue, Ha nporsxke-
HHH Beell paGoThl KOBapHAHTHblE M KOHTpaBapHaHTHble KOMIOHeH-
THl paBHB sl BpeMeHHOH (uHnekc () KOOpIHHATH ¥ paBHBI MO Be-
JIMYHHe, HO MPOTHBOMNOJOXKHLl MO 3HAKY [Js NMPOCTPAHCTBEHHBIX KO-
opauHat (unaekcH I, 2, 3). DTo NpaBUIO HEU3MEHHO COOJIOAALTCA
npH TNOAHATHH ¥ ONYCKaHUH BceX HHAEKCOB. Kpome Toro, mas cka-
JISPHOTO NDOH3BENEHHS [ABYX NPOCTPEHCTBEHHO-NOJOOHBIX BEKTO-
pOB MBI HCHOJb3yeM o6o3HaueHue (X, p), B CHJIY Uero, Hanpumep,

_ {x, py=x"—(x, p).
Ilpu mo6om nenoM j GpyHKIUH

(ux Bcero 2j + 1; p, & u @ — cepuyeckrne KOOpAHHATHL B IPO-
CTPAHCTBE Py, P2, Ps; [ — NPOU3BOJbHAs (YHKUHsI) obpasyioT Ju-
HeliHble HaOOPH, WHBAPHAHTHBIE OTHOCHTEJLHO TOBOPOTOB BOKPYT
TOUKU p; = P2 = ps = 0. OyHKnuM Pl — 310 He uto HHOe, KaK XO-
powo uspecTHble cdepuyeckne rapMoHukH. JluHefHble HaGopHl (4)
HHBADHAHTHbI TaKXKe W OTHOCHTEJNBHO WHBEPCHM, T. €. 3aMeHH pP,
P2, Ps Ha —p;, —ps, —ps. Pasymeercs, cBoficTBaMu HHBapHaHTHO-
CTH OTHOCHTE/JIbHO NOBOPOTOB M HHBEpPCHH 06/Jafaer He TONBKO Ka-
XAl Ha6op (4) B OTHENBHOCTH, HO M CyMMa NPOHM3BOJBLHOIO YHC-
Ja TakHx Habopos, ecaH HApPARY C Kaxioit ¢ydkudeir (4) Mbl
Oynem Opartb Bce 2j + | ¢(yHKuMi#i ¥ HX JHHeHHble KOMOMHALMH.
MuoxuTtens f(p) npu pasHbIX j MOXKeET GbiTh Pa3/IHUHBIM.
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IMpu ofbpamenuu sBpeMeHn OYHKUOUA (P, pe, ps) HEPEXOIHUT
[13] B dynkuuio

OV (p1, por P3) = (— pi, — P2 — P3)- (5)

[Ton o6paliennem BpeMeHH MBI NOHMMaeM oOlepanuio, KoTopas
BOJIHOBYIO (DYHKIHIO ) MEPEBOAMUT B BOJAHOBYIO GyuKuuio & (), 00-
Jajalollylo CAeAYIOIUM CBOHCTBOM: JIIOG0OH 3KCICPHMEHT, NIPOBO-
AUMBIH Hag 0y B MOMEHT BpeMeHH —I, NPHBOAUT B TOUHOCTH K
TAKOMY e pe3yjbTaTy, K KOTOPOMYy OH NpHBen OB, eciu Obl €ro
NPOH3BOAMIK Haja (yHKuueH ¢ B MOMeHT BpemeHu f. M3 cOOTHO-
menna (5) u moctysata «6» caeayer, uto ecam QyHKuuH
Pl (9, q))f(p) JIOKa/JIM30BaHbl B Hauajle KOOPAMHAT, TO M HaGopbl
PLo (8, 9)F (p), 1. e. Phim(9, ¢)f (p), Takxe sokanusobanui. To
JKe BepHO AJs CYMMBI M PA3HOCTH COOTBETCTBYIOIUMX map (hYHKIHH.
Orclona siCHO, YTO MHOXHTeAb [(p), He orpaHuyuBas OOLIHOCTH,
MOXHO CYHTATh BelleCTBEHHBIM.

HeiicTBue omeparopa cABHMra B HMMNYJbCHOM MNPOCTPAHCTBE CBO-
JIUTCS IPOCTO K YMHOXKeHHI0 Ha exp (—i{a, p}):

T (a)b=exp(—ifa, p})¥. (6)

Ham moHanofsiTcst MuIIb YKHCTO NPOCTPAHCTBEHHO-TMOAOOHBIE CABH-
rd, T. €. Mbl npegmosaraem, uro a4 = 0. M3 mpuHATOrO HaMu NO-
CTyJaTa «B» JJs TaKHX CABUTOB CIEIYeT, 4yTO CABHHYTas» (QYHK-
nus exp (i(a, p))y opToroHadbHa P, ecad PYHKIHUS | JOKAIH30-
BaHa, HJH 4TO

. dp,dpodp
2 1&pPale s

J‘fflll’(l’h Py, pa) Pexpli(ayp, + aopy + asps)] e =0 (6a)

115 m1060ro HeHyJeBOTO BEKTOpa 4. JTO 03HAYAeT, UTO B PasJo-

xeHue GyHkuuu |P|%/po B unrerpan Pypbe BXOJHUT JHIUL Ta €e

YyacTe, KOTOpas OTBeyaeT HyJeBOMY BoJHOBoMy uucay. Crenopa-

Te.J'IbHO {%]|%/po ecT KoHCTaHTa, W MOAYMb |¢| npomopuuoHaeH

CpaBHI/IBaH NOJNYUEHHbII pe3yabrat ¢ ¢GyHKUHAMH (4), MbLI BH-

11HM, YTO JOMYCTUMEBIM $iBAsieTCs Nuillh sHavenwe j = 0. [Tockoabky

paHee ObLJIO MOKA3aHO, YTO MHOXKHTeNb [(p) MOXKHO cuMTaTh Belle-
CTBEHHBIM, MBI MTOJIyYaeM

P2 = (21)"° p. (7)

Kak u oxupanoce, ckaJspHblil KBaapat (¢, §) GeckoHeueH, u Jo-
KaJqu3oBaHHAst (YHKIUA { MPHHAJNEXKHUT HENpephiBHOMY CHeKTpY.

Ecau orpanuunTbest OAHHMH JAMIIb NOCTYJIAaTaMM «a®» — «B», TO
Gbynkuua Y Moraa Obl GHITb Pa3pbIBHOM, U NPH HEKOTOPOM p BBIIIOJ-
HAJI0Ch OBl COOTHOMIEHHE

+pl=(p*+ p)",
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d NNPpH BCeX OCTAJbHBIX P — COOTHOUIEHHE
Kt
py=—(p* +ui)".

OaHako He3aBHCHMO OT Bbl6Opa P mpu coxpaHeHHu pabeHcTBa (7)
B paccMaTpuBaeMOM HaMy Cjyuae CYILECTBYeT JHIIb OJHO COCTOf-
HHe, JIOKA/IH30BAHHOE B Hauaje KoopAauHAT. [leHCTBUTENLHO, ecau
6bl HAIIJIOCH JABA TAKHX COCTOSHHA ¢ U Yo, TO Y| AOJKHO 6biJIO
6bl ObLITL OPTOrOHAJBLHBIM He TOJMbKO 1 exp (—i{a, p}), HO W
poexp (—if{a, p}), oTkyga ciaegyer, UTO TOMHMO COOTHOIIEHHS
| |2~ po BHIMOMHAETCA TaKkKe M COOTHOUIEHHE i, ~ p,, H, TAKHM
oGpasoM, (QYHKIHMA §; NPONOPLUOHAJBHA (YHKIHH .

UToO6bl HCKJIOUHTh H3 PACCMOTPeHHs] pasphiBHble (QyHKUHH P,
Mbl BBOJUM JAOMNOJHUTENbLHOE YCJIOBHe PEryJasPHOCTH: OTHOLIEHHE

(MO, MOFp,)
(b bn) (8)

OCTaeTcst KOHEYHBbIM, KOrJa HOPMHPOBAHHLIE BOJHOBHe QYHKUHH
P, cTpeMaTcd K ¢; Mo, 3iech o3Hauaer MHOUHUTE3UMANBHBLH OIe-
patop cobcTBeHHOro mnpeo6pasoBanust - JlopeHa B MAOCKOCTH
X%k [12]:
ad
— 0

M% =ip p; (8a)
Hosbill mocrysnar mo3BoJsieT HCK/IIOUHTL Bce paspbiBHble (YHKLUHH
P, ¥ 1J5 BOJHOBOH (PYHKIHH €AMHCTBEHHOro COCTOSIHUS, JOKaJH30-
BAHHOTO B Hauaje KOODAUHAT, Mbl TOJYyYaeM BBIpaikKeHHE

= (2m) P}, ©

TpeGoBaHue peEryaspHOCTH «I» B AeHCTBHTEJIBHOCTH CBOAHTCS K
TpeGOBaHUIO OrpaHWYEHHOCTH oTHomeRusi (8) nas Bcex MEL Oga-
HakKo ecau BMecto M B BopaxeHue (8) MOACTABUTL OMEPaTOpPHI
M2, M3 yau M'?, To BHOBbL IIONyUeHHble BbIpayKeHusi aBTOMATHUYE-
CKH OKa)XyTCsi OrpaHHUeHHbIMM: uX cymma pasua [(j + 1). Cueno-
BaTeJqbHO, TpefoBanue, uToObl omepartopsl M2, M3 w M2 Gbian
APUMEHHMBl K (QYHKIHU ), He MPUBOJLHT K HOBOMY YCJOBHIO.

B KOOpAMHATHOM TPOCTPAHCTBe JOKaJM30BAHHAsI BOJIHOBAS
GyHKUHA onpedensierca BhlpaxeHueM (2). C TOYHOCTbIO [0 IIO-
CTOAHHOM OHA HMeeT BUJ [14]

¥Y(r)= (%)5 HY) (iur) (92)

[Ipu r > oo dynkuus W(r) cTpemuIcs K HyMI0 Kak e, npu r >0
OHa CTpeMHTcs K OeCKOHEYHOCTH Kak r~2. BoJHoBasi ¢yHKnus
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(9a) xBaApaTHYHO He WHTErpUpyeMa, MOCKOJAbKY NPHHALIEKHT He-
IPEPHIBHOMY CNEKTPY.

[efictBya onepatopoM casura Ha ¢yukunio (9), nosyuaem Aas
BOJTHOBON (YHKUMH COCTOSIHUA, JOKAJNU3OBAHHOTO B MOMEHT Bpe-
mend { = 0 B Toure x!, x2, ¥, BhIpaXKeHHE

T(— x)p=(2n) P exp[— i (p'x" + p’x2 + )] =
= (2) " " plhe~t (9,

[Tocnepnee posnxHO ObITh COOCTBEHHOH ¢yHKIHEH omepaTopa
g* Koopaunatbl k, orBeualolleli co6cTBeHHoMY 3HaueHupo x:. Ormne-
parop g* onpenensiercsi, cjaeAOBaTeNbHO, TaK:

qkq) (p) = (231)‘3 f pgze~i(px}xk (p(/))l/z %
dx dp

0

X et PR (ph) ==~ (10)
rae dx u dp’ osnayalor cootBeTcTBeHHO dx'dx?dx® w dpldpidp;,
HsBectHo, uto oneparop (10) MOXHO NpeicTaBuTb B BHIE

k . 0 i pk ~3
o(p)=[i -2 \(2n
7°0(p) (L Op‘!a 2 pg)( )X

X,J plrel =2 x (piy™ g (p’) dx dp’ ——z(——+ )m(p) (11)

OTH BbIpaXKeHHs CIpaBelJUBBl Kak Ajas HeHYJEBOH, Tak W AaA HY-
JeBOM Maccel mokosi. MHTepecHO, 4TO omepaTtop ¢t moc/je nepexona
M3 HMIYJbCHOIO B KOODJIMHATHOE IPOCTPAHCTBO NpHOGpeTaer cpas-
HHUTEJBHO IIPOCTOH BHJ,

A ke 1 e~ lx—yl oD (y)
§O () = 20 + 5 | S 5. (12)

3nech ¥ ¥ y 03HAUAIOT NPOCTPAHCTBEHHBIE 4AacTH 4-BEKTOPOB XM H
y*, a dy — unterpupoBanHe mo y', y?, y3. OGelunbll omepatop gk
COAEPIKUT JIUIIb NepBLI U3 YKa3zanuwx B (11) unenos.

CJsienyeT 3aMeTHTh, BO-TIEPBbIX, UTO ONEPATOPbl KOOPJAUHAT, K
KOTOPBIM ¢ HEOOXOAMMOCTBIO NPHBOAST HalllM TOCTYJAThI, KOMMY-
THPYIOT APYT ¢ APYFOM, BCAEACTBHE YEro JJisi CPABHEHHS MOMKHO
MOJb30BATbCA TOJLKO CayuaeM «e», ykasanHmM B paGore [lpafica
(Hawy onepaTopn! g* TOXKIECTBEHHL ero oneparopam §r). Bo-BTO-
PHIX, COCTOSIHHE, JIOKA/MU30BAHHOE B HayaJje KOOPAKHAT B OAHOH KO-
OpJIHHATHOH cucTeMe, He JOKAaJlH30BAaHO B ABHXKYUleHca CHcTeMe
KOODAMHAT, Ja)ke €CJIu B MOMEHT BpeMeHHU { = ( Hauana oGeux cH-
creM coBmazalor. Otciofa caelyeT, YTO HAalH ONMepPaToOpel g He
MMEIOT NPOCTOrO KOBAPHAHTHOTO CMEIC/A NPH PeISTHBHCTCKHX IIpe-
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obpaszopanuax. JluleHdpl MPOCTOro KOBAPHAHTHOTO CMbIcja u OObIY-
Hble oniepatopbl g*. Bonee Toro, xoTs Ha NMepBbIil B3MVIAA KaMKeTcd,
uto BOJsHOBas ¢yHkuusg @ (x) = 8(x) uMHBapHAHTHa OTHOCHTENLHO
PEeNATHBHCTCKUX 1peofpa3oBaHHH, OCTABJAIOUIAX HEMOABUKHbIM
Hauajo KOOPJAMHAT, B JEHCTBUTEJBHOCTH 3TO He 0OJee 4eM «MaTe-
MAaTHYeCKHH Mupax». YO6eAuTbcst B «IPU3PAYHOCTH» HHBAPHAHTHO-
cti 6-06pasHoil BOJIHOBOH (DYHKIHM Jyullle Bcero, 3anucan O-QyHK-
UMI0 B UMOYJbCHOM MPOCTPAHCTBe MyTeM obpalleHus ¢opmyan (2).
Pesyabrat Takoro npeoGpasoBaHuUA pPg, JEHCTBUTENBHO, HMEET
IIPOCTON KOBapHAHTHBIH CMBICJ, HO He sIBJSIETCS KBAZAPATHUHO HHTE-
rpupyemoil ¢yHKuuell. Ecau ke Mbl monblTaeMcsl allpOKCHMHPO-
BaTb €ro KBaJpaTHYHO HHTErpHpyeMoil  (yHKLIHeH, Hampumep
Py = P, €Xp (—a?p3), 10 06pas Y, npu npeobpasopanunu Jlopenia He
6yleT CTPEMHTBCA K |, ¢ pocToM . B camowm 1edae, eciu ap < I, 10
CKaJIsipHOe Mpou3BeleHHe (PYHKLUHMH P, U ee oOpasa npu npeobpaso-
BaHuy JlopeHna He 6yJeT 3aBHCETb OT o U NPEBLIIATE HOPMY ,.

YACTHLBI CO CIIMHOM M HEHYJIEBOM MACCOV TIOKO4

BocnonbsyeMmcst enle pas onucaHueM, npejijioxXeHHHIM B pabore
[12], 1. e. onpenenuM BOJHOBble (DYHKLHHM HA MOJOXKHTENBHOH moJe
runepGosonna p2=p!+ p; +p5+u’ B JONOJHHM IepeMeHHble pj,
P2, P3 CIHHOBLIMH 2§ mepeMeHHBIMH &i, &g, ..., Egs, KaxKaas U3 KO-
TOPBIX COJIEPIKHUT 4 KOMIIOHeHTH. BoJsiHOBBEIEe yHKUHMH, OoTBeyamoLlHe
pPasNUUYHEIM COCTOSTHUAM CHCTeMbl, G6YIyT CHMMETPHYHBIMH (YHK-
UMSIMH CIIMHOBBLIX MepeMeHHBX § W OYAyT YAOBAETBODSATH 25 YpaB-
HEHHUAM

Zvipb=wh a=1,2 ..., 2. (13)

HenpoTuBopeyuBOCTh 3TOH CHCTEMBI ypaBHeHH# Gblia JOKasaHa B
pa6ore [12]. [eficTByrolige Ha &, MaTpHIBl Yy YCTPOEHBl Tak, YTO
lBe MaTpULbl Yy, C PA3JHUYHLIMH TepPBLIMM WHAEKCAMH KOMMYTH-
PYIOT, a8 ¢ OJMHAKOBBHIMH HepBLIMH HHAEKCAMH YAOBJETBOPAIOT H3-
BECTHBIM COOTHOLIEHHSIM

Vivh + yAyr = 2%, (13a)

CyulecTBeHHOE pasjiHyHe MEXJY paccMaTpHBaeMbIM ciyyaeM u Gec-
CNHHOBLIMH YACTHLAMH COCTOUT .B TOM, UTO HOMYCTHMBIE BOJHOBbIE
GyHKOUM JAOJKHBI He TOJMBbKO OBITh 3ajaHbl Ha MNOJOKHUTEILHOM
noJe runep6o0KAa, HO H YAOBJeTBOPATh ypaBHenusiM (13). [Tepso-
My TpeGOBaHHIO MBI YIAOBJIETBODHM, BHIOpaB B KauecTBe He3aBHCH-
MbIX TEPEMEHHBIX pi, P2, P3. BHIMONHWUTE Ke BTOpOE TpeGoBaHMe
He crojib npocro. IlocTpouTh BoOJHOBble ¢GYHKIHH, obnanaoouiue
BCEMH YIOMSHYTHIMH CBOHCTBAMH, HaM TIOMOXET OJUWH [pHEM,
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ocobenHo ycnemso npumensasliuiica [pegunrepom [5]. Onpenenum
onepaTopbl

=3P (Z VAP, + u> ¥4 (14)

Kaxawili U3 HUX siBJsiETCs NPOEKIUOHHBIM ONepaTopom:
2
E(!.=E(b

u ynknua Ey Y aBTOMATHYECKM Y/OBJETBOPAET COOTBETCTBYIOLLE-
My ypasuenuio (13). OGo3HauuM NpouU3BejleHHE BCEX ONEPATOPOBR
E, uepes £:

E=ElEQ o E2sy (148)

torna E¢ — nomycrumasi QyHKLHS, YAOBJAETBOPSIIOIAS BceM YpaB-
HenusM (13).
CxaJasipHOe npousBefeHue BoIOcpeM B BUlle

(W, @)= [ pr==1 Y Wodp. (15)
3

Ilpr Takom onpeje/eHHH CKaJsipHOTO NPOH3BENEHHS H3 TMOCTYJaTa
«B» M TOTO O6CTOSITeABCTBA, 4to GopMyraa (6) ocraercs B cHie H
B paccMAaTpHBaeMOM cjyyae, cpasy xe CleldyeT, UTo BCAKas BOJ-
HoBas (YHKUHMsI, JIOKAJH30BaHHAsi B Hayajse KOOPAHMHAT, YAOBJET-
Bopaer anaaory gopmyabl (7):

; [ [ = (2m) > plst1, (16)

OnepaTop obpalliecHust BPEMEHU UMEET BUJL
% (py, P, P3)=C¥% (— py, — po, — pJ), (17)

rae C — matpunia, AeHdCTBYIOUlas Ha mepeMeHHble § u YIOBJETBO-
PAOILAS COOTHOWEHUSM

CYy=yC (a=1, 2,..., 2s)

GV ==V a=1,2 ..., 25 k=123, (7

Ecan maTpuusl v°, y?, y® BelleCTBEHHH, TO MaTpHUa y' — MHHMAs.
25

c=Ivivk C=(-1= (176)

[Mockoabky MaTpuiia C, Kak CJaeLyer U3 ONPEeNsiOllHX ee COOT-

HoLeHHH, BellecTBEHHA, MBI IOJYYaeM TaK¥e, uto ©? = (—])2.
ITocnennee cooTHOlIEHHe CHpaBelJHBO HE3aBHCHMO OT BeIOOpa
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y-matpu. Onepatop HHBEePCHM MPOCTPAHCTBEHHBIX KoopauHart [
HMeeT BHA ' '

Ilp(pp pQ’ P(;)=Y?Yg e Vgslp(— p]) _pzv —pg) (18)

H KOMMYyTHpyer c omnepatopom E,, onpeieinseMblM Ho ¢dopmy.e
(14).

UTo6Bl MOCTPOUTL CHCTEMY BOJHOBLIX (PYHKUHH, HHBAPHAHTHBIX
OTHOCHUTE/IBHO BpalleHHi, mpexjAe BCEro ONpeAeIMM aHaJor YHCTO
COHHOBOH (yHKIMH AJS peldsTUBHCTCKUX ypasHenu#i (13). Huas
9TOTO ONpPENEeNHM BCIOMOraTelbHble QYHKILHH Um, He 3aBUCALLHE OT
P1, P2, ps M Ccolep:Kallue OJAHM JHIlbL CIHHOBBE MepeMeHHble E,
DyYHKINA Uy YAOBJETBOPSIGT YPABHEHUAM

0 — —
Yo, =v, (a=1,2,..., 2s) (19)

m

1.
LYV, =mu, (m=—s —s+1, ..., s—15). (19)
(14 .

[TockoabKy Matpuubl Y° u iy'y? KOMMYTHPYIOT, HX BPEMEHHO MOXK-
HO CudTaTh JAuaroHa’bHbIMH, M3 ypasHeHus (19) caeayer, uro
(GYHKLUHH Uy OTBEUAIOT COGCTBEHHOMY 3HAYCHHIO -+1 MaTpHIEl y°.
Taknux dyHkuuit 22, 04HAKO HAC HHTEPECYIOT JIHIIb CHMMETPHUHbIE
GHyHKIHE NepeMeHHbIX §, a ux Bcero Jqumb 28 4+ 1. Ipyr or apyra
3TH (QYHKUMM OTJHMYAIOTCH 3HAYCHHEM HHAeKca m: GYHKUHA Up
HMeeT OTJHUYHBIe OT HYJA KOMIOHEHTH JIMUIb NIPH Takux §, pias Ko-
TOpLIX § + m Mmartpun iyly? paBubl +1, a ocrajbHble S— m Ma-
Tpul paBHbl — 1. [Tpu Takux § 3HaueHue v, paBHO

(s+m) (s—m)t\'e 5—s
() e

ciaefioBaTenbHO, (GYHKUHUS v, HOPMHUpPOBAHA B TOM cMblcae, 4ToO

Afouf=2Zo, =1 (196)

®y3UYECKH HHJEKC M1 COOTBETCTBYET CIHHOBOMY YIJIOBOMY MO-
MEHTY OTHOCHTEJbHO ocH X% YeTHocTb pyHKUMH U, B CHIY COOTHO-
wenuit (19) u (19a) nonoxurenpua,

OYHKIHH Uy He SBJSIOTCA AONYCTHMBIMH, MOCKOJABLKY He YIO-
BJIETBOPAIOT BOJTHOBBIM YpaBHEHHsAM (13), moaToMy Mbl onpefennm
CIHHOBble PYHKIHUH cledyloluM 06pasom:

Vm (ph P2y Pss gh sy §2s)=EUm (m =8 v, S)- (20)

Oynkuuu Vi, — J0NyCTHMblE BOMHOBble (DYHKUHU ¢ MOJOMHTENb-
HOH YETHOCTbIO M OTBEYAKT COCTOSHHIO C YIJIOBHIM MOMEHTOM mh
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OTHOCHTE@JIbHO TpPeTbe#l ocH KoopjaHHAT. X HODMHDOBKa OT/aHyaeT-
cs ot (196):
2s
ZleP (Zre), (20a)

HaunGogee oGulee peulenne ypaBHeHuit (13) mpeacraBuMo B BH-
ne JuHeAHOH KOMOMHAaUWM (QYHKUMH V., ¢ IPOH3BOJBHBIMH KO3(]-
tdunyveHTaMu, 3aBHCALLUMY OT pi, P2, p3. CHCTeMY BOJHOBBIX (YHK-
Lufl, YMHBAPHAHTHBIX OTHOCHTEJNBHO BpallleHHi u OTpa*KeHu#, obpa-
3YIOT BOJIHOBble QYHKIMH

ﬂﬁjm=lzm,3(l, )y, memt, mPre e O @V (D) V (@1

3nech p, 9, @ BHOBb O3Hauaior chepuuecKre KOOPAHHATH B MIPO-
crpadctBe p!, p2, pd [, — npousBosbHble Heu3BeCTHble (YHKIHH
monyaa p. Ecan cucreme pynkuuii, oO6nanamoleii mepeyHcaeHHEIMH
BbIIE CBOHCTBAMM WHBAPHAHTHOCTH, NPHHAMJIEKHT KAKasg-TO OfHA
dyukuus suaa (21), To eil mpuHAjJJeX)RaT M Bce OCTajbHble (QYHK-
IHH TOTO XKe BHAa C PA3JHUYHBIMH M1, HO OJHHUM H TEM »Ke MHOXH-
teneM f. CyMMupoBaHue No [ TPOBOAUTCA TO BCEM UETHBIM 3Haye-
HUSM OT |j— S| mo j + s, ecau §; AONKHA 06sadaTh MOJNOMKH-
TEJbHOH UETHOCTbIO, W IO HEYeTHbHIM [—B NpPOTUBHOM CJyuae.
Beanunnnt S(/, s) — o6bluHEIe KO(GbHUKHEHTH !), M03BOJIAOUINE T10-
JyuaTth NOJHBI MOMEHT j M3 BOJHOBBIX (PYHKUHE C 32JaHHBIM «Op-
6UTaJbHBIM MOMEHTOM» [ U «CIHHOBBIM MOMEHTOM» S.

ITockoabKky noaspHble yrabl ¥, ¢ npu p =0 HeompeleneHdHl,
MHOXHTENb [;(p) npun p = 0 nosKeH o6paumiathes B HYJAb (HCKIIO-
yeHHe coctaBaser cayuail [ = 0), uHaue GYHKUUA P;,m HUMesa Obl
npu p = 0 ocobeHHOCTb, H K Hell Heab3si GbIO Gbl PHMEHATH OHE-
parop M [ganoMHuM, yTo oTHOMEeHHe (8) mo/KHO OLITH OrpaHu-
UEHHBIM; B JEHCTBUTENbHOCTH, OI'DAHMUYEHHOCTH 3TOTO OTHOILIEHUS
HeoGXOMHMO MOCTYJMHPOBATL He TOJABKO AnsA omepaTtopa MO wo u
ana ero ksaaparal. Mrax, ecnu psag (21) He comepXur ujeHa C
I =0, To bynkunst $;m npu p = 0 obpamaercs B Hyab. OnHaKo H3
paBeHcTBa (16) caenyer, uTo Pj;m He MOxKeT oOpallathcss B HYJb
npu p = 0, eciu Macca NOKosi OTJAHuHA oT Hyas. CJefoBaTesbHO,
passioXkeHwe BCSAKON JIOKajJu3yeMOH BOJHOBOHW (YHKIIHH [OJIXKHO
coaepxkath uned ¢ [ = 0. J1o, B CBOIO OUepenb, NPOMCXOJLAT, eC/n
j = s u BonHoBas QyHKuMA 061afaeT MOMOKHTEbHOH UeTHOCTBIO.

1) Cw., Hanpumep, kuury Buruepa [15]. TlocTpoenne dyskunit §P; H3 GYHKUHA
Vo u chepuyeckux rapMoHMK P, no cyWeCTBY HHMyeM He OTJIHYAETCA OT MOCTpOe-
Husi QYHKUHA C ofpeleeHHbIM 3HaueHHem J, 3aBHCAIIMX OT NPOCTY aHCTBEHHBIX
mepeMeHHbIX H CNHUHA, U3 CHOHHOBHIX (QYHKUHA C ONpefesieHHHIM S H H3 (QYHKUHI,
3aBHMCAIIMX JHIIb OT NMPOCTPAHCTBEHHBIX TNEPEMEHHBIX ¥ OGiaAAIMX ONpeAeneH-
#biM L. Cnoco6 moctpoenusi pasbsichen.B . XXII. KoaduuuenTsl cBasH, o6o-
sHauenHbie y Hac S(/, S), B KHHIe 0603HAYeHH S(L8),
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Ecnu Xe QyHKUUSA {jm HMEET OTPHLATE/NbHYIO YETHOCTb, TO B pas-
noxende (21) BXoAAT JHW fy, f3, ..., a 3T MHOXHUTENH NpH p =
= (0 ofpauiatorcst B Hyab. MTak, Bce BOMIHOBble QYHKUHH, JOKAMH-
30BaHHLIE B Hayaje KOOPJAMHAT, HMEIOT YIVIOBOH MOMEHT j =S |

npeactaBUMbl B BHAE
2s

Yy, = lg@ g S ), e, m P @ @VFY e (21a)
OKoHUaTeNbHBIH pe3yJbTaT (Mbl OMyCKaeM Ty YacTb BLIUHC/AEHHI,
KOTOpPass OTHOCHTCS K ONpEIEJEHHIO fi) MoxHo cdopMynupoBarb
TakK: UMeercsa Bcero 25 + 1 BOJIHOBBIX (YHKIHH, JIOKAJIH30BAHHBIX B
HavaJge KoopAuHart, ux SIBHBIH BHJ, OIIPEeLIACTCsT BbIpaKeHUueM

b, = @) 2D (0, + W)V (P Py P B e B (216)

[Muaue rosopsi, u3 Bcero pasnoxenus (2la) ocraerca JHIb yieH
¢ [ = 0] Dror pe3ynbTar BPAA M MOXHO Ha3BaTb YIMBUTE/b-
HbIM !).

OnepaTop KOODAMHAT BEIUMCJASETCS TOYHO TaK XKe, Kak U B C/Iy-
yae HyJEBOTO CIIHHA, 0 HMEET BH,

2s P(2)s +'s 3 Py Y

k__ 0 — 7

q ——EH(I'*‘YQ) (,,OH)S( i 0ﬂk)(Po+u)S E. (22)
o=

[pu s = !/, 31a Qopmyna coraacyerca ¢ pesyiabratom [lpafica [4]
[cMm. onepaTtop § B ero pabote, ciayyai «e»].

Poab npoekuuonHoro omepatopa E B BbipaxeHuu (22) cBo-
AMTCS JIMUIb K NOJABJCHHIO TOH YacTH BOJHOBO (PYHKIHH, KOTO-
pasi OTBeuaeT OTPHLATE/NbHOH 3HEPTHH, H BBLIEJEHHIO TOH ee 4a-
CTH, KOTOPasi COOTBRTCTBYCT TOJMbKO TNOJOXKHUTENbHOH 3HepTUu.
[lockonpky omnepatop ¢* aeficTByeT JHIIb HA BOJHOBblE (YHKIHH,

1) JokasatenncrtBo paBeHcTBa (216) nporoguTca crefyromnm obpasom. CHa-
4ajia pacCMaTPHBAIOT BHIPAXKEHHEe Ym = OY_p,m H [OKA3HIBALT, UTO QYHKUHIO [i,
BXOASMIIYI0 B pasjoxeHue (2la), MOXHO .CuUHTaTh BellleCTBeHHOH, 3aTem (YHKUHIO
Ym HeadT Ha ABe yacTh: Y0, coepxKallylo Ty YacTh cyMmbl (21a), KoTopas OTBe-
uaer [ = 0, u {7, BKaoyawuyo B cebs Bce ocranbHoe. Kak 6bl10 MoKa3aHO BEILIe,
Gbynxuus Y° npu p = 0 OTIHUHA OT HYJA, B TO BpeMsa Kak " npu p = 0 obpa-
maercst B Hyae. Jlanee 10KasbIBalOT, YTO He CYLIECTBYeT 0GJAACTH, B KOTOPOH (PyHK-
Mg P* Guliia Gbl OTJMYHA OT HyJs H MHOro menbilie Y°. M3 menpepbiBHOCTH (YHK-
uui P° u YP" creposaso Obl, uTo QYHKUHsT YT TOKAECTBeHHO paBHa HyJo. [lox-
craBisia 3atem PO -+ " BMecTo Y B (16), mOKa3blBalOT, yro B JaI0GOj OGJAacTH
KBajpaToM " MOXHO npeHe6peub MO CPaBHEHHIO C OCTaJNbHLIMU wileHamd. IIpaBas
vactb paBenctsa (16), a Takxke Kagpat Y° He 3aucat ot & u ¢. CaexosaressHo,
4JIeH, COfepXKamui npousseienne U7, TakKe He Ao/xKeH 3aBucers or ¥ u ¢. Ho
STOT WeH HMeeT BHA CYMMBl BbIparKeHHH an (.0, @)fof; m He 3aBucur or O u @
JHOIb B TOM cayyae, ecay Bce fr npu [ > 0 paBHb HyMO (BenMuHHA fo OTIHUHA OT
Hyas fio mpeanosoxenmo). HITak, f; Bclony paBHbl Hy.i0, H B pasaoxenun (21a)
ocraercs Jumb OfuH wieH ¢ [ = 0. Ero MOXHO BbIYHC/HTb, B3AB KBaAPaTHBIH KO-
peHb H3 ofeux yacrted pasencrBa (16),
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onpenesneHHble Ha HOJIOXKUTENbHOH 10Je runep6oJI0OUAa, BTOPOH olle-
parop £ (croamuit mocie MHOXKHTeNS p*z)/Z/(pO—l-u)S), CTpOro ro-
BOpS, MO¥KHO Oblio Gbl onycTutb, [IpH BHIYKCAEHHM MAaTPHYHOTO
3JeMeHTa MeXAY ABYMS BOJHOBBIMH (DYHKUHSIMH, C YHCTO MOJIOMKH-
TEJIbHBIMH 3HAYEHHSIMH 3HEPTHH MOXKHO ObLIO Obl OIYCTUTL 063
HpOeKUHOHHpX onepatopa E [5]. MHoxuremu, comepxammue p,, He-
06X0NUMBl 151 3PMHTOBOCTH omepaTtopa i0/0p;: u3-3a MHOXKHTeNS
py*~! B snemente o6vema (15) omeparop Gyaer oGJanare HyX-
HBIMH CBOHCTBAMH, €cjld TOC/e YMHOXEHMs Ha pi+': cnpaBa u Jne-
JeHHS Ha TOT XKe MHOXKHUTEeNb CJieBa OH NpHOOpeTeT BHJ 3PMHTOBA

2s
oneparopa. Onepatop II—;—(I + YY) — npoekunouuslii, . e. copna-
== 1

naeT cO CBOHM KBajapartoM. [loJb3ysich 3THM CBOHCTBOM, €ro MOXK-
Ho GbLI0 6Ll BBECTH €lle pas nepef BTOPBIM onepatopoM E, oT 4yero
Bce BoIpaxenue (22) npuoGpeno Gbl HECKONBbKO GOJBHIYIO CHMMe-
tputo. Onepatop KoopaunHatel (11) g uvacruns Kaefina — [op-
JIOHA SIBJASETCs YacTHBIM ciyuaeMm Oogee ofLlero BbipaxkeHus (22)
u noJayyaercs u3 Hero npu s = 0.

[Tpousseas Haf KaKAM-HUOY/b COCTOSIHHEM CABHUT Ha a4 M H3Me-
pHB 3aTeM KOODAMHATY X%, Mbl IOJydaeM pe3y/bTaT, Ha a* NpeBHI-
LIAOILMI pe3ysnbTaT W3MEPEHHUs TOHl e KOOPJAHHATHl x* 10 CABHIaA.
Orcrona npu a® = 0 HaxoAHM COOTHOIIEHHE

T(— a) ¢*T (a) = ¢* + a*. (23)

Tloxcrasass BMmecto T(a) sBolpaxenue (6) u nepexoas K npepeny
npH OueHb MaJblX af, umeem

(7" — p'g") 9 = — 849, (23a)

rge @ — qobas jJonycTuMasi BoJHOBas (pyHKuHd, B JeHcTBHTeNb-
HOCTH, C NOMOILBIO MPSMBIX BbIYUC/AEHHH, HCNOMb3YS TOXKIECTBO

Ea(l +yg) Ea=p0—‘(p0+u) E, (24)
MEI nonyqaeM KOMMYTallHOHHO€ COOTHOILIEHHE
g*p' — p'g*F = — iBuE. (25)

KoMMyTalMOHHbIE COOTHOILEHHS! ONepPaTopos ¢* U po HUMeET OObIY-
Hbli BHJA, NOCKOAbKY po 3aBHCHT JHIUb OT p*. Oneparopm gk
cayXat KOMIIOHEHTAMH BeKTODHOro ollepaTopa B TPeXMEDPHOM mpo-
CTPAHCTBe, 03TOMY HX KOMMYTALMOHHBIE COOTHOUIEHHS ¢ NPOCTpaH-
CTBeHHHIMH KOMNOHeHTamMu M* TakKe He OTJAHYAIOTCA OT OOBIY-
HBIX.

B sakmiouenue MBI Xoreny Obl 3aMETHTh, YTO aHAJOTHYHOe pac-
cMOTpeHHe ObIO MPOBEAEHO M AJsi YPaBHEHHH ¢ HYJeBOH Maccoil
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nokos. B cayuae couna 0 u !y MBl CHOBa NHOJYYM/IH BbIpaXKeHHs
IS TOKaJH30BaHHBIX CHCTeM, coBHajaloumiue ¢ Qopmynamn (9) wu
(216). Ognako mas Gonee BLICOKHX, HO KOHEUHLHIX S3HAYEHMH CNMHa
s, HauuHas ¢ § = | (ypaBHeHus Maxkcsesnna), okasanoch, 4to J0O-
Kali30BaHHble COCTOSIHHS B YKa3aHHOM Bblllle CMbIC/Ie He Cylle-
CTBYIOT. DT0 OOGCTOSATEJbCTBO MbI CUHTAE€M HEYLOBJETBOPHTEIBHBIM,
XOTA H He OCOGEHHO HEOXHIAHHBIM. He BMOJIHE YIOBJETBOPHTE/IbHA
TaKke U CHTyallis ¢ 0eCKOHEUHBIM CIIMHOM.

OBCYX/IEHHWE TOJTYYEHHbBIX PE3YJIbTATOB

IlepBoe, uto caenoBano Obl BBIACHHTh, — 3TO NPHYHHA, [0 KO-
TOPO# HallM JIOKAaJU30BAHHbIC COCTOSAHHSI BOMPEeKH OOIIeNPHHATHIM
npejicTaBieHusiM He ABIAI0TCA 8-QYHKUUSAMU B KOODJAMHATHOM I1PO-
crpanctBe. [IpOHCXOAMT 3TO, pasyMeercsi, MOTOMY, 4TO BCe HAIIM
BoJHOBble (PYHKLHH OTBEUAIOT COCTOSSHHAM CO CTPOTO MOJOKHTE/b-
HOWM 3Heprueil, yero Hejb3s ckasdatb o 8-pyuxuusx. Onepatop (22)
TakXKe npeoGpasyer BOJHOBHe (YHKIHH, OTBEYalOUIHE MOJOKH-
TeJIbHOH 9HEPTHH, B QPYHKUHH, 00/1aRaI0LIHE TEM XKe CBOHCTBOM.

Hepeako roBopsT, 4TO H3MEPeHHe KOOPDJAMHAT 4acTHUbl (HANpPH-
Mep, 3JIeKTPOHA) € TOUHOCTBIO, TNPEBLIMIAIONIEH KOMITOHOBCKYIO
NJIMHY BOJIHBL, MpuBeao 6bl K poxkAeHuio naphl. Orciofa xenaercd
BBIBOJ O TOM, UYTO OMepaTOpbl KOODAHMHAT He JOJXKHBE COXPaHATH
NOJOXKHTCABHON ONPEeAeJeHHOCTH 3Hepruy, OTBevaollell BOJHOBOM
dyukuun. ITockoabKky B pesyjbTaTe HM3MEPEHHS KOOPIHHAT MBI MO-
JgydyaeM 4acTHLY, HAXOAULYIOCA B ONPEeAENTeHHOH TOuKe MPOCTpPaH-
CTBa, 4 HE UYACTHHY W HECKOJbKO map, NMPHBeJeHHble TOJbKO YTO
paccyKaeHus B JeACTBUTENLHOCTH O3HAYAIOT OTpULLAHHE BO3MOXK-
HOCTH HM3MepeHHsl KOQOpPAWHAT yacTuubl. [la)e BcTap Ha noaoGHYIO
TOUKY 3DPeHHs, HeJb3s He NMPU3HATH CTPAHHBIM, UTO POKjAEHHE [apbt
B DaBHOH Mepe MCKJNIOUAeT BO3MOMKHOCTb H3MEPEHHS] KOOpAMHAT
IJIs CTOJIb CHJIBHO OTJIMYAIOUIMXCS CHCTEM, KaK 3JeKTPOH, HEWTPOH
u paxe HefirpuHo. IlpuBefeHHble BblII€ BBIYUC/IEHHS [MOKA3bIBAIOT,
UTO B MPEATONONKEHHH 00 M3MEPHUMOCTH KOOPJIHHAT K CYLIeCTBOBa-
HUM JIOKAJM30BAHHLIX COCTOSHHH 3J€EMEHTApHBIX CHCTeM C HeHyJae-
BOH MaccoH Nokosl HeT Huuero abGcyp/HOro, Bosee Toro, mocTy/aatsl
«ay» — «I'», OCHOBaHHble HA COOOpaXKEHHAX CHMMETPHH, OJHO3HAY-
HO OnpeneasioT JIOKaJH30BAHHbIE COCTOSIHHA H OIEePaTophl KOODJH-
HaT 751 BCeX 3JIeMEHTAPHBIX CHCTEM C HEHYJEeBbIMH Maccamu
HOKOSl.

Jlns cnoXKHBIX (He3qeMeHTApHBIX) CHCTEM €IUHOro Onpesese-
HHA JIOKAJH30BaHHBIX COCTOAHHE He cywecTByer. M xors merxo
[OKa3aTh, YTO JOKAJH30BAHHLIM COCTOSIHHAM MOXKHO NO-PeXKHEMY
NpANIACATh ONpeJeJEeHHBI IOJHBIH YIJIOBOM MOMEHT j, IPH NOMLITKE
NepeHecTy OCTaNbHble pacCyXIeHHS HA CJAy4all CJHOXKHBIX CHCTEM
BO3HHKAIOT TPyAHOCTH. B uactHocru, cymmupoBanue B gopmyie (16)
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ClIeflyeT [POHU3BOJAMTbL He TOJbKO MO CHHHOBBIM HEPEMEHHbIM
g, HO TaKXe W M0 BCEM COCTOSHHUAM C PA3AMUYHOI NOJHOR Mac-
coll MOKOs M CHHHOM. B pesynbTate coCTOAHHA, clIOCOGHBle COCY-
I1eCTBOBATh KaK JIOKAJHU30BAHHblE COCTOSIHHS B CMbICJIE HAIUHUX [O-
CTYJaTOB, MOTYT TOSBHTLCH JaXe NPU Pa3jMuUHbIX 3HAYEHHUSX |.
OObluHble pacCy:KIeHusl MOKa3hIBAIOT, UTO TAKOH CHTYyalHH CAELyeT
0XHJaTb, NMOCKOJNbKY €C/AH CHCTEMAa COASPIKUT HECKOJLKO 4YacTHII,
TO COCTOSTHHA, B KOTOPHIX Jl00asi u3 HHUX JOKa/JIH30BaHa B Hayaje
KOODJAMHAT, YAOBJETBOPSET HallUM HocTysnataM. To Ke BepH® A5
COCTOSIHHH, B KOTOPBLIX B Hada/je KOOPAMHAT JOKaJdWH3oBaHa Apyrasi
4acTHIA, WK AJsi COCTOSIHU{I, B KOTOPBIX [IPOH3BOJIbHAsT JiHHEHHad
KOMOUHauHsl KOODAMHAT PaBHA HyJ0. B pe3ysnTaTe He TOJNBKO 3Ha-
YHUTENbHO BO3PACTaeT YHCJIO JIOKAJNH30BAHHDBIX COCTOSIHHI, HO M TIO-
ABJISIETCS BO3MOXKHOCTh CYLECTBOBAHHs MHOTIOYHCJEHHBIX OGIIHp-
HbIX Ha0oOpOB JIOKAJH30BAHHLIX COCTOSIHUE, YAOBJETBOPSAIOMIINX
NPHHATHIM HaMy TOCTYJaTaM, XOTsl HHKaKHMe JABa Halopa HeJb3s
cudTaTh JIOKaJM30BAHHBIMH OJHOBDEMeHHO. FHaue roBops, Ka-
KIb HAa0Op JOKAJH30BAHHbIX COCTOAHUN AJA CJAOXKHBIX cUCTEM He
TOJIBKO T'Opaslo IU¥pEe MHOXKeCTBa JOKa/JlH30BaHHBIX COCTOSIHHI 3J1e-
MEHTADHOH CHCTeMBl: CpeJnd MHOTHX Ha6OpOB, Y/JAOBJETBOPAIOLIHX
HalWM TocTyjataM, Heobxoaumo eille npousBecty BbiOop. [lo-Bu-
JHMOMY, JaJjbHellllee NpOABUNKEHHE B ONpeAe eHHH JIOKAa/IH30BaH-
HBIX COCTOSIHHE CJO0XKHBIX CHCTEM HEBO3MOXHO 0e3 JONyLIeHHH,
YVUHTHIBAIOIHX KOHKPETHYIO CTPYKTYpPY cHcTeMbl. Jlokanu3oBaHHbIE
COCTOSIHHSI €CTECTBEHHO OIpele]NTh KaK TAaKHE, CYKeHHe KOTOpbIX
Ha J100yi0 3JeMEHTAapPHYI0 YacTb CJAOXKHOH CHCTEMBl JIOKAJU3yemo.
EcTp oCHOBaHH$I TMOAAraTh, 4TO TAKOE ONpEeAeJeHHe COOTBETCTBYET
HeHTPY Macc BCell CHCTEMHBL.

a)e B cllyyae 3j1eMEHTapHBIX YaCTHL BO3HHKAeT BOIPOC O TOM,
HMeeT s 0cOOBIH CMBIC ONpeje/eHHe JIOKATH30BaHHBIX COCTOSHUH
¥ omepatopoB KoopAuHart. Takne coMHEHHs ¢ oco6o# CH/IOf MOTYT
BO3HHKATH y TeX, KTO CKJOHeH BHJAeTb B Marpylle CTOJKHOBEHHII
6ynywyio dopmy teopuu. Ognako He caenyer 3a0bIBaTh, uTO O6GLIY-
HO u3JaraeMblil BAPUAHT TEOPUM 3ATPATHBAET JUMIL BONPOCHI, CBA-
3aHHBle ¢ BblUHCcAeHHeM ceuyeHunH. CyllecTByer Apyrasi, He MeHee
MHTEepecHasi Ccepusi BONPOCOB, OTHOCAILHUXCH K MECTCNOJOXKEHHIO
paccesiHHbIX 4YacCTHLL: HAaCKOJbKO OJHXKe K LEHTPY paccesHus ua-
CTHUIBI HaXOAATCS B JNEHCTBHTEJNBHOCTH MO CPABHEHHIO C TeM CJIY-
yaeM, KOrja OHH joJieranu Obl JO LEHTpa paccesHus, a 3arteM,
‘MFHOBEHHO NOBEPHYB, NPOAO/IKAAN Obl JeT€Tb B HOBOM HampasJe-
auu [16]? Jis otBera Ha noAoGHble BOMPOCH B PeaSITHBHCTCKORH
obnacTy HeOGXOAMMO MMeTh XOThb KaKOe-TO ONpefelieHyue JOKaaU30-
BAHHBIX COCTOAHHE JJisi 31eMeHTapEBIX cucteM. C 3ToH TOYKH 3pe-
HHS HEe MOXeT He BHI3BIBATHL YAOBJETBODeHHS TOT (GAKT, yTo HaMm
yAaJ0Chb OJHO3HAYHO ONpeJeNUuTh JOKaJH30BaHHble COCTOSHHUS
HMEHHO /11 TAKUX CHCTEM. ' /
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O CKPBITbIX TTAPAMETPAX
M KBAHTOBOMEXAHMYECKHX BEPOSTHOCTAX ')

BBELEHUE

Mbpiciib 0 TOM, 4TO BEPOSITHOCTHBIH XapakTep KBaHTOBOMEXaHH-
YecKOro mpoueccd H3MepeHHst OTHIO/b He CBHAETeIbCTBYeT o Heco-
CTOATE/NLHOCTH  JeTePMHHH3MAa, BBICKa3biBajach HEOLHOKPATHO.
CTOpOHHUKH 3TO¥ TOUKHM 3peHHs CUHTAIOT, YTO Halla Hecrnocoob-
HOCTb TpefcKasaTh MCXOJ KBAHTOBOMEXaHHUYECKOI'0 H3MepeHHsl 00-
‘YCJIOBJAEHA HE3HAaHMEM 3HAUEHHH, MNPHHUMAEeMBIX  HEKOTOPHIMH
«CKPBITHIMH MapaMerpaMuy. 3HaueHHs 3ITUX CKPBITHIX NapaMeTpoB
(MCTHHHas TpHPOJA MNOCAEeJHHX OCTAETCs HeONpeleseHHOH) OXHO-
3HAUHO ONpEeReJsIOT MOBEAEeHHe OMUCHIBAEMOH MMH CHCTEMBl H Aa-
JKe MO3BOJISIOT MNPeJCKAa3blBaTh pe3yJabTaThl MPOH3BOJAMMBIX Hal
Hell u3amepenuil. Tem He MeHee NMOJYYHTb HEMOCPEACTBEHHO 3Haye-
HHUSl CKDBITHIX MapaMeTpoB HEBO3MOXKHO. [leso B TOM, YTO KBAHTO-
BOMEXaHHYECKHE BeKTOPbl COCTOSIHUA COOTBETCTBYIOT He TOUHBIM
3HAUEHHSIM ITHX NapaMeTPOB, a JHLb KX CTaTHCTUYECKHM pacnpe-
IeJIeHHsIM, BCJIeACTBHE Uero 3HaHHs BEKTOpa COCTOSHUS elle HE.NO-
CTATOYHO [AJs1 ONHO3HAYHOTO NMpeACKa3aHHus Hcxoja KBAHTOBOMEXa-
HHYeCKOro HaMepeHusi. PasyMeercs, pesyabTar HPOH3BEAEHHOrO
Haj CHCTeMOH H3MepeHHsl M03BOJseT CY3UTh AHANa30H 3HAUYEHUH,
KOTOpble CKpBIThle MMapaMeTpbl MOIIH NPHHHMATh A0 H3MEPEHHS, H
TEM CaMbiM CeJaTh pacnpeieseHHe 3HaueHuil OOJiee Y3KHUM, OA-
HAKO H [10C/Ie MU3MEePEeHHA pachnpefejeHHe 3HAYeHHH CKPBLITHIX napa-
METPOB OCTaeTCs JOCTATOYHO «Pa3Ma3aHHBIM», H TMO3TOMY HCXO-
bl HEKOTOPhIX (B MAEHCTBHTENLHOCTH — MOAABJAOUIEIO GOJbIIHH-
CTBA) MOCJEAVIOUNX H3MepeHH# OyIyT MNO-MpekHeMy HeNnpeacka-
3yeMbIMH.

TakoBa B 0fOliMX YepTax TeOpPHUs CKPHITHIX mapaMeTpoB. MHo-
rHe TeOPeTHKH BHICTYNHUJIH C BO3pDa*KeHHMHU NPOTHUB 3TOH TEODHH.
B uactnoctn, ¢or Hefiman 2) 3ameTus, 4To JHIIb Hepa3yMHO G0Jb-

1y U3 xypuana: Amer. Journ. Phys, 38, 1005 (1968).

?) Bospaxenusi ¢on HeliMasa o6blYHO NPHHATO UHTHPOBATH Mo ero kaure [1]
(paspean IV.1 u 1V.2). Ha npaBsax craporo apyra ¢ou Hefimana u Bo HMs
COXpaHeHHs KCTOPHUYECKOd NMPaBAH ABTOP HACTOAIIEH CTAaTb¥ XOoTen Onl MOAUEpK-
HyTh, 4TO yGexjeHHoCTs (oH HeliMana B HealeKBATHOCTH TeOpHH CKDPEITEIX Napa-
MeTPOB OMHpaercss B OCHOBHOM He HAa Te COOGpaXKeHHA, KOTOPHle H3JI0XKEHpl B €ro
kuure. Bospakas npoTus BBeieHHs CKDBITHIX napameTpos, dou Hefiman uacto
MIPHBOJHI B KauecTBe NpHUMepa u3MepeHHe KOMIOHEHT CMHHA B Pa3JHYHBIX HANpaB-
JICHHAX YacTHUbl co cnuHoM /2, SICHO, 4TO ¢ NOMOUIBIO CKPBHITLIX NapaMeTPOB He-
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UMM YHCJAOM CKPBLITBIX NapaMeTpoB MOXKHO OOBACHHTb MOCTYJaT
(HessBHO NpPUHATHII B KBAHTOBON MeXaHHKe), COrJIacHO KOTOPOMY
pacnpejenenne CKpPHITHIX 1apaMeTpPoOB ocTaeTcsi «Pa3aMa3aHHBIM»
HE3aBUCHMO OT UMCJa H3MePeHHH, MOC/el0BaTeNbHO NPOU3BOAHMBIX
HajJ CHCTEMO#, a pe3yJabTaTbl’ H3MEePeHHH — CTOJib Ke HenpelcKa-
3yeMbIMH, KaK H [0 NpoBeleHHd H3MepeHHH. Apryments ¢on Heli-
MaHa OblIM BO MHOrOM YTOUHEHBl ApYyrMMH aBTopamu'). B ocHosy
HacTosilledl cTaThu MOJIOXKEHO OJAHO 3aMeuaHHe bBesia, KoTOpoe,
XOTA W OTJIHyaercs oT Bo3paxeHus (ou HefimaHa, tem He MeHee
NPHBOJAUT K OAMHAKOBOMY BHIBOAY. Llesqb cTaTbu M COCTOHT B TOM,
yToGbl MpuAaTh 3aMedaHuio Besasa Gosee mpocTyio uau, mo Kpaii-
Hell mepe, GoJsiee KOHKPETHYIO GopMy.

TPVIHO MpPeACKAa3aTb BePOATHOCTH J[BYX BO3MOXKHBIX HCXOAOB KaXAOTo TaKOro
usmepenusi (06 3TOoM elle OyJeT TOBOPHTbCS B AAaHHOM pasjelie Hallell CTaThy,
6osee noapobuoe ofcyxaenne cM. B pabore |2]). Oanako, no muennio ¢on Hei-
MaHa, 3TOT0 HEJIb3H ClelaTh, eCIH pedb HAET O GOJBIIOM YHC/e NMOCAe10BaTebHEIX
n3MepeHKii KOMIOHeHT CIWHA B Pa3JHuYHBIX HanpasAeHHusx. Pesyabrar nepsoro us
TaKUX M3MEPEHHH OrpaHHYHBaeT HHTepBAJ 3HAYEeHHH, KOTOpPble MOIIH NPHHUMATDH
CKpBITHIE mapaMeTphl A0 TOTO, KaK OHO Obi10 npoBefeHo. Besenctsue storo orpa-
HHYEHHS pachnpejenedre BEDOATHOCTH 3HAUEHHH CKPHITHIX NAapaMerpoB, XapakTe-
PUSYIOWIMX CIKH, MJIsI YACTHU C MONOKHTeJNbHBIM De3yabTaToM H3MepeHus Oyner
OTJIHY4aTbCS OT aHAJOTHYHOTO pacmpefesieHHs 3Hau€HHM OJs YacCTH C OTpHla-
TeNbHLIM pe3yabraToM H3MepeHHs. Jis Tex wacTHu, AJs KOTOPBIX BTOpOe H3Mepe-
HHe KOMIOHEHTHI CIIHHA 10 HeKOTopoMy (OTJIHYHOMY OT MepBOT0) HampasJeHHIO
TaKXKe OPUBOAMT K TMOJIOXKHTEJIbHOMY Pe3yJbTaTy, HHTePBaJa OMYCTHMbIX 3HAUCHWUIT
yMeHblIaeTcs elle Cusbhee. DoJbliioe YUC/IO MOCAENOBATENbHBIX H3MEPEHHH MO3BO-
JHT 0TOGPATh YaCTHIB! CO CTOMb GJIM3KHMH 3HAYEHHSIMH CKPBITBIX [AapaMeTpoB, YTO
KOMIIOHEHTA CIOMHA B JIIOOOM HalpaBJeHHM ¢ GOJBIIOH BEPOSTHOCTBIO Oymer OT-
JHYH& OT HYJsS M HMeThb ONpefeieHHbH 3HaK. CoOrjacHo KBaHTOBOH TeOpHH, TaKoe
COCTOSIHHe HEBO3MOKHO, H MBI NPHXOAMM K nporusopeunio. Ulpemunrep so3pasusn
[POTUB MPHBENEHHOTO TOJNBKO YTO DACCYyAEHHs, 3aMeTHB, UTO H3MepeHHe KOMIo-
HEHTHl CIHHA B OJHOM HampaB/IeHHH, XOTs H MOXET HaJarath ONpeje/eHHbe Orpa-
HHYeHHs Ha 0GJacTh JONYCTHMHIX 3HAYEHHA KaKOH-TO YACTH CKPHITHIX MapaMeTpos,
OJHOBDEMEHHO BIIOJIHE MOXeT BOCCTaHABJHUBATb ClydafiHoe pachpejesneHHe 3Haye-
HHl OCTa/bHBIX CKDHITHIX TlapaMeTpoB. ¥ aBTOpa HACTOSILIEH CTaTbH CJOXKH/IOCH
BreuaT/eHne, yTo Qon Hekman He cuuran Bo3paxenue Llpefunrepa yGedurenbHEIM,
ITo muennio don Hefimana, B Bospaxenun Illpeaunrepa HesIBHO colepXHuTCs Mpe-
TIOJIOXKEeHHe O CKPBITHIX NapaMeTpax H3MepHTe/bHOTO mpHGopa. B KauecTBe KOHTp-
npuMepa, HarvsaAHO MAEMOHCTPHPYIOLLEro BCIO HECOCTOATC/JbHOCTL TOYKH 3DEHHA
IlIpenuurepa, don Heitman mpeatoxun paccMoTperb IBa NpuGOpa ¢ B3aUMHO mep-
NeHIUKY/ISPHBIMH MAarHUTHBIMH TOJSAMH M [OCJHEA0BATENBHOCTL H3MepeHul, Mpo-
H3BOAMMEBIX TO OAHHM, TO ApyruMm mnpuopom. B KoHle KOHIOB, B pe3y/abTaTe MHO-
FOYHC/IEHHBIX TOCJENOBATEJbHEIX H3MepeHHH KOMIOHEHT CIHHA B HaNpaBJCHHHX,
3alaBaeMbIX MArHUTHBIMH NONSIMH NPHGOPOB, MBI CMOXKeM (HKCHPOBATh AaXKe CKPHI-
Thie apaMeTPHE 060HX NPHGOPOB U, CJAENOBATENbLHO, BCEH CHCTeMBl. D10 HarJIfLHOE
onposepxenye ¢pou Heiimanom Bospaxenns Llpeamnrepa Tak H He GbI0 onmy6an-
KoBato.

1y Cwm. paGotu [3,4], a Takxe cratbhio [. Yoppuurrosa (B mevaru). ABTOp I0-
caepHell CTaTbhH, XOTS OHA M OCHOBAaHA Ha 3aMeuaHuu Deana [5], paspensier mue-
nue dou Helfimana o HeoOXomMMOCTH PAcCMAaTPHBAThH 110CJIEJOBATENBHOCTL MHOTHX
na6sogennil. BecbMa nonHbfi B KpUTHYECKHH 0630p Gosee paHHEd nHTEPaTypH MO
sroil npoGireMe paH B paGote [2]. Paj BospaxeHull npoTdp HAeH, BbHICKa3aHHBIX
B 5THX paboTax, NpHBeAeH TaKXKe B cTarbe [6].
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Heno, uro ans i06oro KBAaHTOBOMEXAaHHYECKOTO  H3MepeHus,
0603HayeHHOTO omnepaTopoM @, HaileTcs «CKpHITHIH mapamerps (g,
TAKOH, YTO CTATHCTHYECKOe pacnpejieleHde ero 3HaueHuin Oyjer aa-
BaTh BEPOSITHOCTH BO3MOXHBIX HCXOMOB Ay, Ag, ... H3MepeHus Q.
Inst 3TOr0 HEOGXOAMMO JHUIb COMOCTABUTH O6JacTH 3Hauenuit Dy,
Ds, ..., npobGeraeMblx MapaMeTpoM ¢, BOSMOXKHEIM HCXOJaMm u3Me-
peHHH A1, A, ... M TOCTYJIHPOBAaThb, uto (QYHKIHA paclnpene/eHust
Py(g), orBeyaiomas COCTOAHHIO 1, comocrasiser o6aactu D,
HMEHHO Ty BEPOSITHOCTb, ¢ KOTOPOH u3aMmepeHHe @, MPOM3BOLHMOE
HaJ COCTOSIHHEM V), NaeT 3HAUeHHE A,,.

Ecny ¢ moMolneio CKpLITBIX mapaMerpos TpebyeTcs BOCHPOH3-
BECTH BEPOSITHOCTH HMCXOAOB HECKOJbKHX KBaHTOBOMEXaHHYECKHX
yaMepenui, o6osnayeHHblx oneparopamu Qi, Qq, ..., TO CKPHITHH
napaMerp ¢, HeoGXOAMMO BBeCTH AJfl Ka)KAOro usMepenus. [locne
3TOrO0 Mbl JOJKHBI IOCTYJAHPOBAThH, UTO HCXOJ H3MepeHus Q, 3a-
BHCUT JIHIIb OT 3HAYeHHUsy ImapaMmeTrpa §,: ANAA 3TOro KaxJIoOMy H3

BO3MOXHbBIX HCXOJ0B Ay H3MepeHHss Q, Mbl JOJKHBI CONOCTABHTH
HeKoTopylo o6gacte D7 3HaueHuii mapamerpa ¢,, MOTPeGOBAB,

yToObl H3MepeHHe , JaBaJo HCXO[ AY BCAKHI pas, Korjga ¢, NpH-
Hagnexut obaactn Dy. Mexod Ay HO/MXKEH MOJYYaThCs HE3aBU-
CHMO OT TOTO, KakKue 3HAUYEHHUS MPUHHUMAIOT OCTaJbHble mapameTpbl
g. Pyskuus pacnpeneneHus P, xoTopas 3aTem CTaBHTCA B COOT-

BEeTCTBHE BEKTOPY COCTOSIHUS 1, HMeeT BH
Py(9ys @y - --) =Py (0:) Py (42) P} (45) - - -» (1)

rue P$ (qn)— (yHKUHS pacnpenesieHHs, CONOCTaBJseMasi, Kak GbLIO

CKa3aHO BBlILIE, BEKTOPY COCTOSHMS V; OHA BOCIHPOU3BOJHT BEPOAT-
HOCTH BO3MOXKHBIX HCXOLOB H3MepeHHs Qn. fIcHO, 4TO onpepenenue
(1) ¢ynxumum pacmpepeneHus P, fajeko He OAHO3HA4HO. BeiGop
o6aacrelt D* mpousBoJieH U MOT 6b1 B JIeACTBUTENbHOCTH 33aBHCEThb
OT BCeX NapaMeTpoOB ¢, TAe M + n. Kpome toro (mo KpalnHeit Me-
pe B TOM cJy4ae, KOrjla CHEKTPhl OepaTopoB Q MHCKPETHBI), YHCJIO
CKPBITBIX TAPaMeTPoB g1, ¢g, ... MOXHO OblI0 6bl 3HAYHTEJNBLHO IIO-
HH3HTb H O CYUIECTBY CBECTH K OJHOMY mapamerpy.

IIpuBefieHHBIE TONBKO uYTO COOGPaXKeHHsI OTHOCATCA JHIIb K
OTHeJbHbIM H3MepeHHAM H He 3aTparuBaloT cayual, Korga Haj
CHCTeMOH MPOM3BOAUTCA CepHsl MOCJeN0OBaTeJNbHbIX H3Mepenuii. On-
Hako, Kak mokasan ¢on Hefiman [1], pesyabratel cepuil mociaeno-
BATeJbHbIX H3MEPEeHHH TaKikKe MOXKHO MNOJYYHTb ¢ MOMOUIBIO CKpPBHI-
ThIX NapaMerpoB. Jljisi 3Toro Heo6XOAMMO JHIIb AJAA = KaxKA0H
CepUH M3MEeDeHHH BBECTH CKPBIThble MapaMeTphl, YUCJIO KOTOPHIX CO-
BnajdeT ¢ YHCJIOM H3MEpPeHHH B 3TOH cepHH. 3aMeTHM TaKxKe, YTO
BEPOSITHOCTH PA3/IMUHBIX 3HAYEHH{ CKPLITBHIX mapaMmeTpoB He O6YyAyT
6oJiee HEe3aBHCHMBIMH: MeXJAYy HHUMH MOfIBATCH CTATHCTHYECKHE
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Koppensiuud. EcrecTtBenno, yto mpyu 3TOM YHCIO CKPBITHIX mapamer-
poB pesko BospacTaer. BruimucbiBaTh 3/1eCb B SIBHOM Buie cop-
MYJbl, anajoruudsle gopmyse (1), Bpsix aH HeOOXOAHUMO: UHTATENb
6e3 TpyZLa CMOXKET BbIBECTH HX CaMOCTOATENBHO.

3AMEYAHUE BEJIJIAY)

Benn o6partun BHMMaHMe HA TO, 4TO BBEJEHME Ja’Ke OUeHb CJa-
6oro (mo kpaiiHeii Mepe, Ha MepBLIH B3IMVIAJ) U BECbMa eCTeCTBeH-
HOro OTpaHHYeHHsi Ha MPHPOAY CKPBHITHIX MapaMeTPOB yXKe He MOo-
3BOJISIET OMPe/eNuTh TaKyio QYHKUHMIO pacnpefenends Py, s HEKo-

TOpBIX H3MepeHHH (B AeACTBHTEJAbHOCTH peub HAET O AeBATH BIOJHE
KOHKPEeTHHIX H3MepEHHsX), KoTopas JaBaja Ob Te Xe 3Haue-
HHSI BEPOSITHOCTH, YTO M KBAHTOBAs MeXaHHKA. DTO 06CTOATEJNbCTBO
0COGEHHO  YAMBHTENIbHO I[OTOMY, UYTO COOTBETCTBHE MEXIY
¢ynkuuei pacnpenenenus Py, ¥ COCTOAHHEM P JOCTATOYHO MPOU3-
BOJIBHO.

PaccMorpennas DejnoM cHcTeMa cOCTOMT M3 ABYX 4acTHll, Ka-
KIafd U3 KOTOpbIX HMeer cnuH '/;. VI3aMepsiloTcs KOMMOHEHTHl 3THX
CNIMHOB IO OTpeJeNeHHbIM HanpaB/JIeHHAM. TaKux HanpasjeHui 3:
©1, 0, 03 9 DACCMOTPEHHBIX WM H3MepeHHH COCTOAT U3 OXHOBpE-
MEHHOIO H3MepeHHS ABYX CIHHOB: KOMIOHEHTA ORHOro cliyHa HU3-
MepsieTcs B HalPaB/JIeHHH ©;, KOMIIOHEHTa /IDYroro—p HampasJe-
HUH @k [JOCKOMBKY KOMOOHEHTa CHOHHA YacTHud ¢ S = 1/y B jt0-
6OM HanpaBieHUW MOXeT NMPHHHMATh TONbKO JABa 3HaueHus: +!/p
H —!/; (B manbHeAweM JJs KPaTKOCTH Mbl GyaeM o603HauaTh HX
npocTo + H —), Kaxjoe H3 9 H3MepPEeHHI MOMKET NPHBECTH K YeThl-
peM pe3yabTaraM: ofe KOMIOHEHTH MOI'YT HMeTbh 3HaueHue +, obe
KOMIOHeHTH —, nepsBas -, Bropas — u Haobopor. Kaxiaeifi u3
BBeJleHHbIX B NpefbiAyLIeM pasjese Hallleil cTaTbH NapaMeTpoB A
MOXKET NPHUHUMATh JHIIb YeThipe 3HAYEHHs] B COOTBETCTBHH C Ue-
TBIPbSIMH HCXOZaMH usMmepenni. Ecian BBecTH 9 mapameTpoB ¢,
@2, ... Gs, TO QYHKUMS pacnpenenedus P, onpenensieMas no ¢op-
myae (1), 6yner naBaTb KBAaHTOBOMEXaHHYECKHe BEPOSITHOCTH Ue-
THIpEX BO3MOXXHBIX HCXOJOB Ka)kJOr0 H3 Ha3BaHHbIX Bbille 9 H3Me-
peunii (B AeHCTBUTEJLHOCTH OHA OyAeT BOCIPOHM3BOAUTH JIOObIE
TAKHe BEPOSITHOCTH HE3aBHCHMO OT TOrO, COMIACYIOTCH OHH € KBaH-
ToBOH MeXaHHKOH unau Her). VIHTepBasbl, BBelleHHble B MpeAbIAY-
meM pasjene, pa3buBaloT JeBATHMEPHOE NPOCTPAHCTBO CKPHITBIX Ma-
paMeTpoB g Ha 4° ofsacTeil, a UHTerpas oT QyHKIUK pacnpeneneHus

1) Cm. pa6ory [5]. Bonee ctporyio (KojMuecTBEHHYIO) OLeHKY pe3yJbrata Ben-
Jia BMeCTe CO CXeMofi SKcTmepHMeHTanbhofl mpoBepku aann Kaaysep, Xopw, Llumonn
u Xoabt {7]. ABTOp BHIpaXKaer NPU3HATEJBHOCTL BCeM HA3BaHHLIM JullaM 3a TO,
4TO OHH MPHBJEKJIH ero BHHMaHHe K craThe Desna, CM. Takxke craTeio YOPPHHI-
TOHa (B neyarH),
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P mno onHo#l u3 3THX oOO6JacTefl [aeT BepPOSITHOCTL OJHOTO M3
qeThbipex HCXOJ0B KAaKOro-To ofHoro u3 9 wusmepenuii. Ecau me
BBOAHMTL HOBHIX MOCTYAATOB, TO HHKAKHX NPOTHBOPEYHH He BO3-
HHKA&er. ‘
Opnnako Bens BBOAMT AOMOJMHUTENBHBIH TNOCTYyJaT O TOM, 4TO
CKPBIThIE MapaMeTphl ONpee/sIOT KOMIIOHEHTHl ClIHHA NepBo# ya-
CTHIBI B JIOGOM M3 HampaBJEHHl @ W YTO 3Ta KOMIOHEHTAa He 3a-
BHCHT OT HalpasJeHus, B KOTOPOM u3mepsercsi KOMIOHEHTa CHHHA
BTOPOH YacTHUbl, H, HaOOOPOT, KOMIIOHEHTAa CIIMHA BTOPOH 4YacTu-
1Bl B JI060OM U3 Tpex HANPaBJCHHN @1, 02, ©®3 ONPEIEIETCHS 3HAUe-
HHAMH CKDPBITBIX [1apaMeTpPOB M He 3aBHCHT OT HalpaBJeHHs], B KO-
TOPOM U3MepseTcs KOMIOHeHTa cnuHa mnepBo# uactuubl. O6a
NPeANoJOKeHHs BeCbMa eCTEeCTBEHHE, IOCKOJIbKY IBe PaccMaTpHBae-
MBble YaCTHUbI pasieseHbl OOJBIIMM INIPOCTPAHCTBEHHBIM HMHTEPBA-
JOM, H mpuGop, U3MepSIOIHA COMH OJHON M3 HHX, He OKasblBaeT
HHKAKOIO BO3JA€HCTBUSI HAa HM3MepeHHe, NPOHU3BOAMMOE HAaJ BTOPOH
yactuieit. Cpoil mocrysat bens HasbiBaeT mo3TOMY MOCTYJ1aTOM JioO-
kajabHocTH. CMBICJI MOCTYJATa 34KJAKUAETCS B TOM, UTO, XOTS Me-
Ky COCTOSHUSIMH JBYX YACTHL MOTYT ObITb jl0Oble CTAaTHCTHYE-
CKHE COOTHOLIEHHS, OpHEeHTALNA npubopa, UCOOAB3YEMOro AJAs H3-
MEpEHHST KOMIOHEHTH CIIHHA OJHOH UaCTHBl, He BJHSET HA CIHH
apyroil. M3 moctysnara JoKajabHOCTH caelyer, yto BMecro 4° cy-
UleCTBEHEO DPa3JHUHbIX 06.1acTell B NPOCTPAHCTBe CKPBITHIX mapa-
MeTPOB Mbl HMeeM JHIIb 28 cyllecTBeHHO pas/iuuHbIX obsacreil.
Kaxayo u3 takux obsacrtedl MOXKHO 0603HAUUTh CHMBOJOM (0), Og,

O3, T1, Te, T3). Bce 0 M T MPHHHUMAIOT ABA 3HAUEHHS:: + WJIH —-; ©
OTHOCATCS K NepBOH, a T— Ko BTOpoi uactuue. Hanpumep, ecan
CKDBITHIE MapaMeTpnl npuHagiexar obasactu (+ — —; — + —),

TO H3MepeHHe KOMIOHEHTBbI CIIHHA MePBON YaCTHIH B HANPaB/JACHHH
o; AacT sunauenne + (T. e. +1/2) HE3ABUCHMO OT TOro, B KAKOM Ha-
npaB/eHdd H3MepsieTcsi CIHH BTOpOi uyacTHlbl, MaMepenue Kommno-
HEHTbl CMIHHA MEepPBOH 4ACTHLLl B HaNpaBJeHHUSIX w2 H ®3 AacT pe-
syabrar —, TOUHO TaK Ke M3MEPeHHe KOMIIOHEHTBbI CIIUHA BTOPOH
YaCTHLB B HANpPaBJeHWH ©i AACT PE3yJbTaT — HE34BHCHMO OT TO-
ro, B KAKOM Hanpasjenuu Obl1a H3MepeHa KOMNOHEHTA CIOHHA nep-
BO uacTullbl. V3mepenue KOMIIOHEHTH CNHHA BTOPOH YacTHULI B
HANDABJEHHH @2 1AaCT,+, 4 B HaNpaBJeHHH @3 AaCT —.
Cocrosinue, 151 KOTOPOTO HaM He YIAacTCsl BOCIIPOH3BECTH KBaH-
TOBOMEXAHHUECKHE BEPOSITHOCTH De3yJbTaToB 9 BO3MOXKHDBIX H3Me-
peHHii KOMIOHEHT CHHHA, KakKHe Gbl MOJOXHTEJIbHble BEPOSTHOCTH
Mbl Hu npunucbiBann 28 o6nactaMm (o1, O, O3 Ti, T2, T3), €CTb CHH-
IJIETHOE COCTOSIHME JBYX CIHHOB, YC/IOBHMCS BIpelb 0603Ha4aTh
yepes (0, Og, O3; T1, Tz, T3) BEPOATHOCTb TOrO, UTO CKPHITHIE mapa-
MEeTPBl CHHIJIETHOTO COCTOSIHHSl JABYX CHMHOB NMPHHHUMAIOT 3HaueHHE,
Jexatiee B obnactu (o1, 02, 03; Ti, T2, T3). [l BbIUMCICHHS KBaH-
TOBOMEXaHHYECKHX BEPOATHOCTEH PA3JHUHbIX HCXONOB 9 BO3IMOXK-
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HBIX U3MepeHuil o6o3HauuM uepes g, Fo3, ¥31 Yl MEXKAY Hanpa-
BJIEHHAMH ®1, @, @3 (KaxKABH H3 yr0B 3akiaoded mexay 0 u m).
BepositHocTb TOro, UTo H3MepeHHe KOMIIOHEHTbl COHHA NepBON ya-
CTHLbI B HAaNpPaBJeHHH ®; W H3MepeHHe KOMMOHEHTHI CNHHA BTOPOR
4acTHUBl B HanpaBJeHHH @ JAaAyT O/JHOBPEMEHHO NOJOXKHTE/b-
HBli  (MAM  OZHOBPEMEHHO OTPHLATENbHBIH) pe3yabTar, paBHa
1/, 8in? Y995, BeposiTHocTb Toro, uro nepBoe U3MepeHue AACT MO-
JOXKHUTENBHBIH, a BTOPOE — OTpPUIlATEJbHBIA  pesyabTat (MU Ha-
o6opor) pasHa !/;cos? /o, O6Ga 3TH Bblpa)keHHss MNOJYHAIOTCH
NPSAMBIMH BBIKAaAKaMu. X MOXHO Tak:Ke BbIBECTH, 3aMeTHUB, 4TO
CUHIJIeTHOe cocTosiHue o6jafaer cepHuecKod cUMMeTpHel, Bcaes-
CTBHE 4Yero MNoJIHAs BEPOATHOCTh TOTO, UTO CIHH NEPBON 4aCTHIH
HMEeT HMEHHO Hanpas/eHne o; (a He NPOTHBONOJOXKHOE), PaBHA
/5. Ecny vamepeHHe KOMOOHEHTH cIMHA NMePBOH YacTHUB B Hanpa-
BJAEHHUH @; AACT NOJIOKHTEJBHBI Pe3y/abTaT, TO HU3MepeHHe KOMIIO-
HEeHThI CIOHHA BTOPOH yacTHUBl 0053aTeAbHO ACT OTPHLATENbHBIA
pesyabsTat. CieaoBatenpHo, H3MepeHHE CIHHA BTOPOH 4acTHUH B Ha-
MpaBJACHHH @p AACT IMOJOXKHUTENLHBIH pPe3yabTaT ¢ BEPOSATHOCTHIO
cos? o0, rie O — yroq Mexay HampaBaeHUSAIMH —w| H g [loJaHasn
BEPOSITHOCTD [OJNYYHTb MOJOKHUTEIbHBIAl pesyabrar Adsi o6OHMX H3-
MepeHHH, KaK yKa3blBaJoch Bhillle, paBHa

L
2

[ .o 1
5cos2 O = sm"’—2—ﬁl2.

20| —

AHaJIOTUYHO MOXHO BBLIYHCJAHTH H BEPOSATHOCTH JPYTrHX KOMOHHA-
nuit sHakoB. OMHAKO, MOCKOJIbKY HalpaB/leHHs @; YAOBJIETBOPSIOT
onpejpefeHHbIM YCAOBHAM, HaleHHble 3HAUEHUS] BEPOSITHOCTH HEJb-
351 BOCIIPOH3BECTH C TTOMOLLbIO CKPBITHIX [IAPaMeTpPOB.

Yrobpl y6eAUTbC B 3TOM, 3aMeTHM INIPeXKAe BCero, YTO 3HaueHHe
TaKOro CHMBOJA, Kak (+, 02, 03; +, T2, T3), PABHO HYJIO, NOCKO/b-
Ky COOTBETCTBYWOLIAs 006/aCThb OTBEYaeT COCTOAHHAM, I KOTOPLIX
HU3MepeHHe KOMIOHEHT CnuHA 06eHx 4acTHil B HaOnpaB/JeHHH ®; AACT
NOJOXKHTEAbHBA pe3yabrar. /s HHTepecCyIOllero Hac CHHIJIETHOro
COCTOSIHMS BEPOATHOCTh TaKoro coObiTHsi paBHa HyJwo. Chaenosa-
TeJIbHO, CKPBITHE MapaMeTpPel He MOTYT MPHHHMATh 3HAUYeHHH, KOTO-
pble OpUBOAUAM Obl K IOJOXHUTEJNbHBIM KOMIOHEHTAM CNMHHOB o6e-
MX YacTHLl B HanpaBJeHHH ;. To XKe BEPHO H AJS HANpPaBJICHUH ®2
H @3, BCIEJCTBYE Y€ro CHMBOJLI (01, O, O3 Ty, T2, T3) PABHEI HYJIO
(HCKJIIOUEHHE COCTaBJ/fAeT JHUWb caydal Tt = —0i, Tz = —O0p, T3 =
= —03). Takum 06pasoM, OTJHYHBIMU OT HYJS OCTAIOTCH JHUb
8 CHMBOJIOB.

Bbiuncaum Tenepb BEPOSITHOCTb TOTO, YTO M3MEpeHHe KOMIIOHEeH-
Thl CIMHA NEePBOH YaCTHULI B HANPABJCHHH @) H BTOPOH YacTHILbI
B HaNpaB/JeHHMH @3 NACT MOJOXKHTEIbHBIH pe3yabTar. Mckomas Be-
POATHOCTL paBHa CyMMe 16 caaraemblX, 3 KOTOPbIX JHUIb ABA
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OTJAHAYHDI OT Hyﬂﬂ:
2 2 (4,05 05 7, Ty +)=

02, 03 Ty, T2

—(++— =)= -+ )=

=%sin2 %ﬁm. 2)
[MocnenHee BbIpaXieHHe AaeT KBaHTOBOMEXaHHUECKOe 3HAUEHHe HH-
Tepecyiolllell Hac BeauuuHbl. OJHAKO NepBOe cjaraeMoe BO BTOPOil
CTPOKe OTHOCHTCHl K COCTOSIHMSIM, AAIOLHM [MOJOXHTEJbHYIO KOM-
MOHEHTY CNMHA MEPBOH YaCTHLL B HANPABJEHHH ®g H MOJOXKHTEb-
HYI0 KOMMOHEHTY CIIHHA BTOPOH 4aCTHIBI B HanpasjieHud oz CJe-

JOBATE&/NbHO, 3TO cJaraeMoe Ha BeMMUHHY (— + —; + — +)
MeHbIlle ueM !/3s8in?¥9;. TouHo Tak Xe BTrOpOe caaraemoe BO BTO-
poli cTpoke Ha BeauuuHy (+ — +; — 4+ —) MeHblne BepOATHO-

CTH O/LHOBPEMEHHOIO NOJy4YeHHA I[OJOKHTeAbHBIX Pe3yJbTaTOB MPH
U3MePEeHHAX KOMIOHEHTH CMHHA NMEePBOH YaCTHLbl B HANPABJIEHHUH ®j
H BTOPOH 4acTHLbl B HAanpaBaeHUH 2. CheloBaTenbHO, BTOpOE cla-
raemoe MeHbiie uem !/ 8in?!/p9y,. Takum o6pasom, uz GOpMYyJbt
(1) caeayer, uTc TEOpHs] CKPBHITBIX NMapaMeTpPOB MO3BOJISIET HOJY-
YyaTh KBAHTOBOMEXaHHUECKHEe BEPOSITHOCTH JHMIIL B TeX CJAydYasx,
KOI'lAa YIJhl MeXJAy TpeMs HanpaBJeHHSIMH @), ®2, ®3, B KOTOPBIX
H3MepSAIOTCS KOMIOHEHTHl CHHHOB, YAOBJIETBODSIIOT HEPABEHCTBY

—;—sin2 éﬁ% + % sin? %ﬁm = % sin? % Li YN 3

910 HepaBeHCTBO !) mpuHHMAaeT OCOGEHHO MPOCTOA BHJI, €CIH
TPH HaNpap/JeHH @ PaCHOJNOXKEHB B OJHOH MJOCKOCTH M, KpOME
TOTO, BEKTOD @ JE€XHT Ha OMCCEKTPHCE YIJIa MeXAY @1 H ®s
B stom cnyuae 012 = O3 = !/3031, U HepaBeHCTBO (3) mepexoAHT B
HepaBeHCTBO

.ol | B 1 . I 1
sin® o 9y, = 5 sin? s =754 sin? 5 00 c052—2- 010, 4)
oTKyna

1 11 1
COS27'&12<§; §ﬁ12>jﬂ i By <.

K sToMy Xe pesynbTaTy Mbl NpUIeM H B TOM cjiydae, KOrfa Bek-
TOp @z He JeXHT Ha OHCCeKTpHCe yria MexXAy BeKTOpPaMH @4 U ®s.
Taxum o6pasom, ycnoBue (3) Hapylaercs BCAKHH pas, KOrZa TpH
HanpaBneHHs KomnaHapHbl. Pasymeercsi, HepaBeHCcTBo (3) MOXKeT
HapywaTthcss H NpPH HEKOMIVIAHADHBIX HANPAaBJCHHAX @1, ®2, ©3.

) Kak ofparun BHuMaHue Lllumonm, HepaBenctso DBeana ferko caeayer u3
HepaBeHcTBa (3).
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Kax Mbl yBHAHM no3jHee, cyllecTBYIOT eliie H APYTHE YCJIOBHA, Ko-
TODBIM JOJI2KHB! YAOBJIETBODATH Hanpap/eHUa @ AJid TOro, YTOO K
H3MepeHHe NpPOEKUHH ABYX COHHOB (KaXIbli M3 KOTODLIX paBeH
1/5), o6pasylolinx CHHIJIET, MOXHO ObJIO BOCIPOH3BECTH C MO-
MOILBIO CKPBITHIX MapaMEeTPOB.

HEKOTOPBIE 3AMEYAHUS MATEMATHUYECKOI'O XAPAKTEPA

C MaremaTHuecKOH TOUKH 3peHHs BbIBOAB Densa ne moryr ne
BBI3bIBaTh yauBaeHHs. Hauate ¢ Toro, uyro mpocTpaHCTBO CKPHITHIX
napaMerpoB Oblio pasieneHo Ha 64 o6aactd, KaXAass U3 KOTOPBIX
HMesla onpedeseHHbI «Bec»—BepoaTHOCTh. C noMoiunsio atHx 64 ge-
posiTHOCTeH (TOuUHEe, ¢ NOMOLILI0 63 BepOATHOCTEH, TaK Kak noJ-
Has BePOATHOCTb paBHa 1) Tpe6GoOBa/sOCh BOCHPOM3BECTH pe3yJIbTa-
Tbl JuWb 9 CYINeCTBEHHO pas3JMYHBIX 3KcrnepuMeHToB. OZHAKO TO
06CTOATENBCTBO, UTO BEPOSTHOCThL NOJYYEHHS IHOJOXKHTEJNbHOTO pe-
3yJbTATa NPH U3MEPEHHH KOMIOHEHT CIHHOB oOeHX yacTHIl B Ha-
npaB/JeHUH, HANpUMEP, @), paBHa HYJI0, O3Hauaer oOpallleHHe B

HYJb CYMMBI
Z E (+, 0y, o3 +, Toy T3), (5)

Gy, O3 T3, Ty

a nockoabKy Bce 16 cnaraeMblx HeOTpHUATENBHBI, TO H KaXXJ0e H3
HHX B OTJEJbHOCTH TaKike JOJ/RKHO OBITh PaBHO HY.JIIO, Ypanrenue
(2) u aBajoruunble €My Apyrue ypaBHeHHs (AJsI BePOATHOCTeH of-
HOBPEMEHHOr0 OnpeleleHHsi KOMIIOHEHT CIHHA B HanpaBJeHHsX
*@;, T®p) MOXKHO DA3pPEIUUTb OTHOCHTEJNbHO 8 BeIHYHH (G, o2,
03; —0;, —02, —03). B caMoM Jese, paccMaTpuBaeMbie COBMECTHO,
BCe 3TH YPABHEHHS OCTABJSAIOT HeONMpefe/JeHHBIM OAHH NapaMmerp.
Ho nockoaeky

(h 45 == =) b= = =i 4 )=
=1 - _;‘(Sin '&12+Sln '—’6‘23‘*‘ Sln2 '&31), (6)

TO HAlIM ypaBHeHHsl, pPa3peilleHHble OTHOCHTEJbHO BeJqHUYHH (T), 02
03; —01, —02, —03), OyAyT coepxKaTh Mo KpafHei Mepe OZHY OT-
pHLATeNbHYI0 BEPOATHOCTDb, €CJM lpaBas uacTh ypasHeHus (6) or-
punarennbHa. Kpome toro, Mpl nosiyuum ypaBHeHHE

+—-+ -+ )+ (=+—+—~+)=

== “21— (Sin2 %'6’12 + Sin2 ‘—é“ﬁzg - Sin2 ";"'ﬁ'{;[) (7)
K [1Ba ADYTHX ypaBHeHHs, oTAHYaoLiuxcs o7 (7) JMIIb HHKAHYe-
CKOHl NepecTaHOBKOH HampapjeHUil @;. YCJOBHE, B CHIYy KOTOpPOrO
npaBas 4acTb ypaBHeHHs (7) moJioxuTeNqbHa, NMPUBOAHT K HepapeH-
cTBy (3), a ABa ApYruX HepaBeHCTBa mosiyyaroTcs u3 (3) mpu uMK-
JIMYECKOH NepecTaHOBKe HHAEKCOB 1, 2, 3. 3ameTHM, XOTA 3To H HE
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OoueHb BAXKHO, YTO ecaU npasble yacTu ypabHeHuil (6) u (7) u BbI-
pakeHuli, MoJyyaiOWIUXCA U3 [OC/ICJHEr0 YpDaBHEHHS NPH LHKIH-
4eCKOH MepecTaHOBKe WHAEKCOB, MOJOXHTENbHBI, TO BCEe BEPOSTHO-
ctu (o1, 63, 03; —0;, —O0g, —03) TaKkKe MOXKHO BLIGpATb MOJOKH-
TeJBHBIMH, NPHPABHAB JAPYT JAPYry cJjaraemble B JIeBbIX YacTax
ypasHenunit (6) u (7). Taxkum o6pasoM, H3MepeHHUsI B HalP ABJACHUAX
®; KOMIIOHEHT CNHHOB, 00pasyiolluX CHHIVIET, MOMHO HHTEPHpPETH-
poBaTh B TepMHHAX CKPBITHIX MapaMeTpoB TOrAA M TOJbLKO TOT/A,
KOTJIa 3TH YeTbipe BhIpaxKEHHUS MOJOXKHUTENbHDL.

Hepasencrea (3) u HepaBeHCTBA, noayuamllyecss H3 HHX NpH
LMKIHYECKOH MEepecTaHOBKE WHIEKCOB, HMEIOT BUJ| HEPABEHCTB Tpe-
YroJibHUKa co CTOpoHaMH sin? 1/y0y,. YcaoBHe, BbiBelleHHOE U3 PABEH-
crBa (6), ycramaBjuBaeT BepXHHUH mpejes] pagnMyca OKPYXHOCTH,
ONUCAaHHOH BOKpYr 3TOro TpeyroabHHKa. Ecau Gbl AauHBI cTOPOH
TpeyroibHUKa Oblim paBubl He sin? /Oy, a sin /304, To nepaseH-
CTBA TPEYroJbHHKA BLINOJHSAJIUCL Obl 1A BCeX HANpaB/JeHHH ;.
Ba’kHOCTL KBaAPaTHUYHON 3aBHCHMOCTH BEPOSITHOCTEH OT YIVIOB Me-
Ky HanpapJeHUsIMH, B KOTOPHIX NPOH3BOAUTCH H3MepeHHe CIHHA,
or™meuaJa eule Beaa [5].

B 3akamoueHne cienyer ckasaTh # O POJH TOTO KOHKDETHOTO CO-
CTOSIHUSI — CHHIJIETa, O6PAa30BAHKOrO JIBYMS CIMHAMH ![o, — KOTO-
poe ObLIO HCNOJB30BAHO B HalleM paccyxkaeHuH. [1ycthb Py, o, ...
U @1, @2, ...— OPTOrOHAJBbHBle HAOODbl COCTOSIHHHA [IBYX CHCTEM.
ApryMentauuss bBensna B TOM BHIe, KdK OHA M3J0XeHa B Halled
cTaTthbe, NPHMEHHMAa KO BCEM COCTOSIHHAM Zanmpncpn 00 beIHHEHHOA
CHCTEMBI, y KOTOpBHIX MO KpaHnell mepe nBa kosdduuueHta a, OT-
JIMUHBl OT HYJS. HpuMerlma OHa H K COCTOSIHHSIM CHCTEMbl «00b-
€KT TWIIOC H3MEpHUTE/bHbIII NPHOOp», BO3HKHKAIOUIUM B HIEAJbHBIX
KBAHTOBOMeXAaHHUECKUX H3MepeHUsX. [IpuMep cuHIJIeTHOro cocros-
HHS JABYX COHHOB !/p Gbl1 HCMOJNB30BAH HaMmud NOTOMY, yToO peaJiu-
3alHs 3TOTO COCTOSHHMA M H3MepeHHUs], CYLIeCTBeHHble AJis1 MPOBOJHU-
MOTO HAMM aHaJM3a, He BBI3BIBAIOT HHUKAKHX COMHEHHH.

ABTOp BhIpaxaer cBoto mpusHarteabHocTh Beany u Ulumonu 3a
obcyXK/leHHe JiepBOHAYAJBLHOrO BapHaHTa CTaTbu., B wacrHoCTH,
MHOroe M3 TOTO, 0 YeM TFOBODHUTCS BO BBEACHHH, GbLIO BKJIIOUEHO B
OKOHUATEeJbHEIH TEKCT M0 WX COBETaM.

JUTEPATVPA

1. von Neumann J., Mathematische Grundlagen der Quantenmechanik, Springer

Verlag, Berlin, 1932. (Mmeercs nepeBoa: Hoeawin ¢ou Hediman, Martemaruue-

CKHE OCHOBHl KBAHTOBOR MexaHHKH, n3fi-Bo «Haykas, M., 1964.)

Bell J. S., Rev. Mod. Phys., 38, 447 (1966).

. Jauch J. M., Piron C., Helv. Phys. Acta, 36, 827 (1963).

. Kochen S. B., Specker E., Journ. Math. Mech., 17, 59 (1967).

Bell J. S., Physics, 1, 195 (1965).

. Bohm D., Bub J., Rev Mod. Phys., 38, 453 (1966).

- Clauser 1. F., Horne M. A, Shtmony A "Holt R. A., Phys. Rev, Lett., 23, 880
(1969).

N Ut N



24

BHYTPEHHSS YETHOCTb 3JIEMEHTAPHbBIX YACTHLLY)

BO3MOXHOCTb CYLIECTBOBAHMSA HEOIIPEAEJIEHHOY YETHOCTH

[lpunsitrass B COBpEeMeHHOH KBAHTOBOH TEOPHH IOJS CXeMa OMNH-
CaHMs JIeMEHTApHBIX YaCTHL C MaTeMaTHYeCKOH TOUYKM 3peHHd [a-
Jeka OoT 3aBeplueHHOCTH., Bmecre ¢ TeM el mpucyluu onpeneaeHHBR
YyepThl, CBsI3aHHBIE TJIABHBIM 00Pa3oM CO CBOHCTBAMH HHBADHAHT-
HOCTH H HMMEIOIUMH, 1I0-BHANMOMY, Hemnpexofsdllee 3HaueHune. Baxk-
HOCTb 3THX UYEPT TEOPHUHM BPAL JU MOXKHO MNEPEOLEHMTH, MOCKOJBLKY
UMEHHO OHHM AAaI0T HaMm HauboJee HaAJeXKHBle IMPHHIMIbLI KAaccHdu-
KauH{ U [103BOJNAIOT HHTEPNPETHPOBATh ObICTPO Pa3pacTaiollyrocs H
yKe CTaBIIYIO YPE3BHYAaHHO CJAOXKHOH 3KCIEPUMEHTAIBHYIO KADTHHY.

[lens HacToOslLe!l CTATBH COCTOHT B TOM, uTOOBl 0OpaTHThL BHHU-
MaHWe (U3UKOB Ha CYILECTBOBAHHE BO3MOXHHIX (a4 B HEKOTODBIX
cayyafx U HeoOXONMMBIX) OrpaHH4YeHHH# OAHOro U3 HauboJee 06-
UX NOHATHA — MOHATHA <«BHYTPCHHEH UYETHOCTH®» 3JleMeHTapHOH
yacTulbl. XOTS NPU 3TOM Hallle MbIIJIEHHEe He NOJABepraercs pajiu-
KaJbHOU TepecTpoiikKe, Mbl BCe XK€ CYHTAEM, YTO H3BECTHAS OCTO-
POKHOCTb B YKa3aHHLIX BONPOCAaxX I10Je3HA, OO OHA HE MO3BOJHT
Ha3blBaTh I'HMOTE3bl «TeOPEMAaMH» HJM OTBepraTh Kak «HempuemJe-
Mble» TaK{He BAPHAHTBl TEOPHH, KOTOpble Npu 60jdee rHOKOH cxeMe
OKa3biBAOTCA JIHIIEHHBIMH KaKux Obl ToO HHM OBJIO NPOTHUBOPEUMH.
JpyruM npeuMyLlecTBOM NPHBOAMUMBIX HaMu cooOpaKkKeHHH cie-
IyeT CUMUTaTh TO, YTO OHM IO3BOJISIOT BHECTH HEKOTOPYiO SICHOCThb
B ofJsacTb, re L0 CHX NOp HMeeTCA ellle MHOIO CIOPHOTO 2).

CorsacHo Gosece uid MeHee OOLUENPHHATBLIM NpPEICTABACHHAM,
Ka)kllasi 3JeMeHTapHas 4acThla OoJkKHa 06JalJaTh onpededcHHON
«BHYTPEeHHEl UYETHOCTbIO®, KoTopas (mo KpafiHefi mepe, B IpHH-
LHuIe) OJHO3HAUYHO OMpeendeTcs U3 SKCIepuMeHTas),

1y U3 xypuana: Phys. Rev., 88, 101 (1952). Hanncana cosmectno ¢ Buxom
n Baiitmanom. (O6biHO 3Ty cTaThio HasmBalT «Tpu W». — [Tpusm. nepes.)

2) Hacroawas craTesi npejcTasiser co6oil NOK/Ial, NPOYUTAHHBIE BHrHepoM
Ha Mexaynapoinoil KoH(epeHUUH N0 siRepHOll ¢u3KKe ¥ (HU3UKe 5MeMEHTAPHBIX
gacTull B cenTsbpe 1951 r. 8 Yukaro. B ocHOBy ero nojoxena o630pHas cTaThs
Bafirmana u Bursepa, HamHMcamHas COBMecTHO ¢ bDaprmMaHoM. ABTOpbI maHHOH
CTATbH CUHTAWOT NMpeJBaPUTENbHYI0 MyOJHKALHIO HEKOTOPHIX OCHOBHBLIX MOJMOMKEHMUI
JoKJaafa BhoNHe ofocHoBaHHOH, DBosee mosinoe u nogpo6Hoe H3/MoXeHHe HX B3LMIs-
foB 6yieT onyG/JIHKORAHO MO3HEe.

3) .Takoe yTBepKAeHHe NpeCcTaBasieT cOG0H CUIBHO YUPOLLEHHLIH BApPHAHT Ja-
Ke «Haubonee COBpPEMEHHBIX» NPeACTaBJeHHH, B 0COOEHHOCTH ec/id pedb UIeT o Ya-
cruuax co cnunom 'y Tlocneanuii cayyait 6yaer paccMoTpen Hamp Godee ROA-
pobuQ, :
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Uto6bl ACHO MpeACTaBHTb cebe caabble CTOPOHBl MOAOCHBIX BO3-
3peHuil, MoJMe3H0 MpeABAPUTENbHO BCMOMHHTb HEKOTOpble TNPOCTHIE
thakThl, oTHOCsIIIMECS K (opMann3My KBAHTOBOH TeOpHM MOJs.

TpancdopmanuoHHble CBOHCTBa (B HalleM cJaydae — YETHOCTb)
JUIS TOTO WJAH HHOTO KJacca YacTHIL MOXHO ONHCATh JBYMs CIIOCO-
6aMu, u 06a sTH cmocofa ciaeayer HMeTb B BuAy. Bo-nepBbX, MOXK-
HO YKas3aTh 3aKoH npeoGpa3oBaHus KBAHTOBaHHoro noJas., Hanpu-
Mep, cKasaTh, 4TO HEKOTOpble u3 OECCIIHHOBHIX YaCTHH SABJSAIOTCH
KBAHTAMH <ICEBAOCKAJNSIPHOTO» TOJs, T. € TaKOro HoJsi ¢, 3aKOH
npeobpazoBaHusi KOTOPOrO MpPH HHBEPCHH OTHOCHTEJNbLHO HadaJa
KOOpJHUHAT 3ajaercss popMyJoh

¥,y 2)=—o(—x, —y, —2). (1)

Bo-BTOpLIX, MOXHO yKa3aTh 3aKOH npeofpa3oBaHysi BeKTOpa CO-
CTOAHUS WM LIpeAHHrepoBCKOH ¢yHKuuu F, naiolieli KBaHTOBOMe-
XaHWYECKOE OMHCAHHE COCTOSIHHSI moJisl'), T. e. HAWTH TaKof YHH-
TapHu# oneparop I, uTo OYyHKIHUNA

F' =IF 2)

OyleT ONHCHIBATL COCTOSIHHG, 3€DKaJbHO CHMMETPHYHOE COCTOf-
HUIO, oTUCbiBaeMoMy dGyHKuuel F.

Pa3syMeercsi, MexXay AByMSI BO3MOXKHBIMH CcHOcoBaMu ONMHcaHH:A
TpaHCc(hOPMAlMOHHBEIX CBOACTB CYyIIeCTByeT BeCbMa Ipocrasi cBA3b,
H60 B KBaHTOBOH MeXaHMKe «HaObJ/iofaeMble», WIH ONepaTOpHbIe,
BeJHUMHBI, TaK Ke Kak U mnonae ¢(X, y, 2) B IPHUBEJEHHOM Bbhllle
npuMepe, npeobpasyioTcs 1o 3aKOHY

¢ =1Ipl™, (3)

B TO BPeMsi KaK BEKTOp COCTOsiHHMs NpeoOpasyercs mo 3akomy (2).

Takum o06pasom, YHHTApHbHIH omepatop / NOJHOCTBIO ompefe-
JsteT 3aKOH NpeoGpasoBaHUsi MOJEBBIX BEJHUHH, H, HA06OpPOT, 3HAs
38KOH Mpeo6pa3oBaHusl MOCAEIHUX, BIOJHE MOXKHO OTBICKAThL OIe-
patop /. Hanpuwmep, eciu ¢ — nceBIOCKAJIApHOE IOJE, TO 3TO O3HA-
4yaer, ITo

Io(x, 9,201 ' = —@(— %, —y, — 2), (4)
a OTCI0/la MOXHO 3aKJIUiTh, uTO oneparop / uMmeer BUJ
IF = (_ 1)N0+N2+N4+ ---F’ (5)

roe N;— uucno vacrui, (ONHUCHIBAEMbIX ICEBAOCKA/MSPHBIM MOJNEM
@) ¢ YIJIOBHIM MOMEHTOM [, a ® — NPOU3BOJLHBI MHOXHTE/b, PaB-

1) Mul HaMepeHHO u30eraeM XaMeJeOHONOAOGHOrO TepMHHA «BOJHOBas (YHK-
HHA> W CTPOTO PasiMuaeM BEKTOD COCTOAHHs B OAHOM Clyyae OT MOJEBOj (PyHK-
I¥H B IPYroM,
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HBIA MO MOAYJ/IO €AUHHIlEe H OCTAIOLHHCA HeonpeleqeHHHM [PH JaI0-
60M KBAaHTOBOMEXaHUYEeCKOM npeobpa3oBaHHH. Ecnu mpousBoJbHO
NOMOXKHUTh » = |, TO BaKyyMHblii BeKTOp Fo OyAeT YAOBJETBOPSTH
COOTHOLIEHHIO

1F0=F0, (6)

T. €. BaKyyM OyJeT COCTOSHHEM C IOJIOKHTeNbHON ueTHOCThIO. Of-
HOUACTHUYHOE S§-COCTOsIHHe Oyner o6GnajnaTbh OTPHLATENbHOH YeT-
HOCTBIO W T. A. PasyMeercsi, «NCEBAOCKa/spHbIE» YaCTHIB B GOJb-
e Mepe XapaKTePH3YIOTCsl YETHBIMM YIVIOBHIMH MOMEHTaMH B I10-
KasaTese CTeNeHH OTPULATeNbHOI efuHULB [cM. dopmyay (5)], uem
IPOM3BOJNILHEIM BHIGOPOM UYETHBIX M HEUYETHBIX COCTOSIHME, YCJIOBHO
onmpeaensieMblM cooTHoulenneMm (6). OO6BIYHO u3 coobpaxkeHui
yno6crBa onepatop [ BLIOUpAOT ¢ 0 = 1.
AHa/sorHuHO A5 YaCTHI CKAJNSPHOro NMoJs

IF =(—1)"* Nt Vst p, (52)

rjae Bce BeJHYHHB N’ UMEIT [/5 CKaJMsPHBIX YACTHIL TOT JKe CMBIC,
Kako¥ umeau Beauupnsl N jas nceBiocKaasipHBX wactHl. Eciau F
OMHUCHIBAET HA6Op MCEBOCKAJSPHBIX B CKaAsPHBIX YACTHI, TO ecTe-
CTBEHHO

1F=(_1)N0+N2+-.-+N1+N3+~--F. (56)

Tenepb Mbl yXKe MOXKeM NOABECTH HTOTH OOCYXKIEHHs TJaBHOrO
Bonpoca. OObIYHO OpEANOoJaraercsi, 4To MoJEBbie BEJUYMHBl JOJXK-
HBl 06/1alaTb OJHO3HAYHO ONpeleqeHHbIMH TPaHCHOpPMAalLHOHHLIMH
CBOHCTBAMHU WM (KaK B KBAHTOBOMEXAHHYECKOM CJyuyae) YHHTap-
HBII onepatop [ LoJiKeH OBITh ONpPENeIeHHBIM ¢ TOYHOCTBIO A0 TPH-
BHAJBHOTO MHOXUTeN . [IpUHSAB Takue NONYIIEHHS, Mbl ¢ HEOG-
XOJMMOCTbIO 3aKJIIOYUAEM, UTO CKaJIsipHOe MoJie JOJAKHO 6BITh JHGO
UCTHHHO» CKaJsSIPHbIM, Ju60 «NceBiocKansipHbiM». Dosee Toro, He-
KOTOpHIE 110Jaraior, 6YATO 3TH AONYyIUEeHHUs JIOTHUeCKH HeOOXOAHMBI
o1 TOoro, uTtoOBl TaKkue ONepalMd CHMMETPHH, KaK HHBEPCHS,
BOOOIIE UMENU CMBIC/.

Tem He MeHee Bce 3HAIOT, YTO 3aKOH Npeo6pPa3oBaHUA CIHHOP-
HBbIX BEJIHYHH, HAanpUMep MMPAKOBCKOTO 110/ P, OTHIOAb He ORHO-
anaven. fur u TuomHo B cBoeit uHTepecHo#l cratbe [1]!) o TpaHc-
¢opMalHOHHLIX cBolicTBax noJjefl co cnuHOM !/, NpH HHBepcHH,
NOCJaYKHUBIIEH HAauasoM 0O64yMbIBaHUsI WIHPOKOTO KPYTa PONCTBEHHBIX
npo6jeM, MO CYLECTBY HCXOAHJIHM M3 MNPERNONOXKeHHS O HeopHO-
3HAYHOCTH B BbI6Ope 3Haka [P/t XOTs 4acCTHUB CO CMHHOM Y/s, mO-
BHIUMOMY, CAYXKAaT HAMJYYULIMM HOATBEpKJEHHEM OOOCHOBAHHOCTH

1) Cwm. rakxe pabotnt [2—4).
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HalluX COMHEHHH, MBI BCe € CUHTAEM HeoOXOJUMMBIM HayaTh ¢ CO-
BeplleHHO 0611elt GOPMYJIHMPOBKY CBOGH MO3UIHMH.

Kak Mbl AymaeMm, Becb BONPOC ONPEAENAETCA TEM, YTO MOXKHO
CKa3aTh OTHOCHTEJBHO H3MEDHUMOCTH IOJEBHIX omepatopoB. [led-
CTBHTEJIbHO, €C/H TOJie H3MEPHUMO, TO MareMaTHyecKOe OXHIaHHE
JM060T0 €ro COCTOSIHMA HOJKHO HMeThb BIIOJIHE ompefiejieHHOe 3Ha-
ueHdHe. CuTyalus B 3TOM CJyuae 5KBHBAJEHTHA KJAacCHYECKOH, KO-
ria MBl BIpaBe YTBEDXKJAaTb CYLIeCTBOBAHHWE ONPENEJEHHOIO 3aKOHA
npeo6pasoBaHus JULIb NOTOMY, YTO NMOJAS CUHTAIOTCS BIIOJIHE OIpe-
JgejeHHbMu  duspueckumd BennupHamu. OpHAKo ecau Kakas-HHU-
6y[b nonesBas BeIHYHHa HEH3MepHMa (a, Kak Mbl YBHAHM HHXKe Ha
IpUMepe JHPaKOBCKOTO MOJisl, TAKHE BeJHUYHMHBI BCTPEYAIOTCH), TO
OTIAJaer Joruueckas HeOOXOAHMOCTb B CYIECTBOBAHHUH 3aKOHA
npeo6pasopanys, He COAEPIKAI[Ero HH OJHOIO HeONpeLe]eHHOrO
3JIEeMEeHTa. .

Honymenne o TOM, YTO «BCe 3DMHTOBHl ONEPATOPBI COOTBET-
CTBYIOT M3MEDHMbIM BeJHUHHAM», HEPEAKO C IOJHBIM OCHOBaHUEM
HA3bIBAIOT HEOTheMJeMOH uacTblo 06LUeH cXeMbl KBAaHTOBOH MeXxa-
HHKH. BepHo u TO, 4TO B cayuae OGBIKHOBEHHOH (HEpEJSITHBHCT-
CKOM) KBAaHTOBOM MEXaHHKH 4acTHl, 3TO JOMyLieHHe, Kak Ol
Henpapaonofo6HO OHO HM 3BYdYalo [JJjisi BCEX ONepaTopoB, KpoMe
HanboJslee MPOCTHIX, He BCTpeyaeT CKOJbKO-HUOYIb Cepbe3HBbIX BO3-
paxenuit. OnHaxko BpAJ JAH HeoOXOZMMO MOJYEPKHBATH, UTO MepeHe-
CeHHe WeJHKOM [ocTynara o6 H3MePHMOCTH Ha  (HU3HYeCKHe
abCcTpakKiiy, KOTOPLIMH ONEpPHpyeT COBPEMEHHAs MoJeBasl TeOpHS
«3JIEMEHTApHBIX» UacCTHI, SIBASETCS YYILOBHMUIHOH M HHYEM He
ONpaB/laHHON JKCTpanogsiiuel, B 0COGEHHOCTH €CaH Y4eCThb Ype3Bhl-
yafipo HH3KUil YpOBeHb HAaIIHX 3HAHHH HCTHHHBIX 3aKOHOB B34HMO-
NefcTBUS YacTHLL,

Usznoxennass TOJAbKO UYTO IO3WUMsI BHYTPEHHE HeNpOTHBOpE-
ypBd. ITO CTAHET SCHBIM, eCAH NPHHATE BO BHUMAaHHEe BO3MOXK-
HOCTb MOCTPOEHHUS JIOTHUECKHX cXeM, He COAEPKAIHX nocTynara ob
H3MEPUMOCTH BEJHUYUH, OTBEUalolluX BceM 0e3 HCKJ/IOUEHHS] 3PMU-
TOBHIM opiepaTopaM. To 0GCTOSATENLCTBO, YTO NPHPOJA TAKHX CXEM
JO CHX TIOp IIHPOKO He o6CyKAanach, 0COOEHHO YIHUBHTENbHO, ecid
BCIOMHHTbL 06 OOILEeH3BECTHON HEHM3MePHMOCTH AHPAKOBCKOTO MOJSL.

Bosee TOYHO Hamly MblCAb MOKHO CHPOPMyNHPOBATH TAaK.
CorsiacHo OOLIYHOMY [JONYIUEHHIO KBAHTOBOH MeXaHHKH, MOXKHO
NPOM3BECTH  <«IOJHbIH» Ha0Op H3IMEPeHHH, Pe3yJbTaT KOTOPHIX
(¢ TOUHOCTBIO A0 TPHUBHAJBHOTO (Pa30BOTO MHOXKHTEJSA) OJHOCTBIO
ompenensier BeKTop coctoaHusi F. [lpeamonoxum Teneph BMeCTO
3TOr0, YTO TUNbLGePTOBO NMPOCTPAHCTBO MOXHO PA3GHTb HA PSX OPTO-
roHaJbHBIX noanpocrpaucts A, B, C, ..., o61ananimux cjaesyouum
CBOICTBOM: OTHOCHTe/NbHBle ¢as3bl npoekuuii Bekropa F una A, B,
C, ... ¢usnueckn HecyllecTBeHHH. [Haue roBops, npeanosaraercs,
YTQ eCJM 3TH TpPOEKHHH (KOTOpble caMu SBJASIOTCA BEKTOPaMH)
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o6osuauutbh Fq, Fp, F., ..., 10 uukakoe (HU3MUECKOE H3MepeHHe He
CMOJKET OTJIHUHTb BEKTOpP COCTOSHUSA

Fot+Fy+Fo+ ... )
OT BEKTOpa COCTOAHHS
eiOF, + eBF, + eF, + .| (7a)

rjae a, B, v, ... — NpoH3BOJAbHble ¢a3bl. OTcioga sicHo, yTo CpejHee
3HayeHue Ji06GOro oneparopa, MaTPUUHbIE 3J€MEHTH KOTOPOro CBS-
sbiBaloT noanpocrpadctsa A u B wau A u C u 1. 1., BoOGWE ro-
BOpPS, TOJHOCTHIO HeonpeneneHHo. CjefoBaTenbHO, TAKOMY Ofepa-
TOPY HHKakKas H3MepHUMas BeJHUHMHA He OTBeuder, Takoe Jomylle-
HHE He MPOTHBOPEUHT APYrHM NpaBujaM KBAHTOBOH MeXaHHKH, H
B YaCTHOCTH [PHHUHUNY CYNepPHO3ULUU: JHHEHHOE COOTHOUIEHHE Me-
JKIY BEKTOpaMH COXpaHseTcsi, ecjii BCe BCKTOPbI OJLHOBPEMEHHO
noaBepraiTcs npeobpasosanuto (7a). Ilocneanee npeo6pasosanue
MOXHO paccMaTpHBaTh KakK o6oOlleHHe OObIYUHOrO YMHOMKEHHS] BeK-
TOpa Ha OJMH (Pa30BLIH MHOXKHTED.

Hpyrof, 6osee 3HAKOMBIH CNOCOG ONUCAHHS 3TOH CHTYalMH CO-
CTOMT B caenyooweM. 'oBopsar, yro cocTosHue (7a) ABJAAETca He
UUCTBIM COCTOSIHHEM, a CTATHCTHYACKOI CMECbIO, KOTOpYH Jyulle
BCEro ONHCHIBATL MaTpuued miotHoctd !). CoryiacHo HpUHSITOMY
Bblllle MONYUIEHHIO, MATPHUUA [JIOTHOCTH COJEPIKHUT MAKCHMAaJbHO
BO3MOXKHOe KOJHuecTBo HHpopmauuu. Pasymeercs, paccmarpu-
BaeMasi HAaMH CHCTeMa MOXKET HAaXOJUTbCS B YHCTOM COCTOSHHH, NMO-
HUMaeMOM B OOGBIYHOM cMblCJe, HO TOJBKO B TOM CJayuae, eclu
JUIIb OHA U3 KOMHOHeHT (Hampumep, F,) oriuuna ot uwynad. Ilpu
TOM YHUTApHBIA omepartop /, BRIpaxKaiolKHH OJHY U3 AONYyCKaeMbIX
CHCTEMOH omnepauuii cumMMmeTpuu, OyneT onpeleseH C H3BECTHBIM
npoussojoM. OGHIYHO Ke onepatop / He uMeer MATpDHYHLIX 3Je-
MEHTOB, CBfi3blBAOUIMX moanpocTpaHcrea A, B, C, ..., u ocras-
JsleT WHBAPHMAHTHBEIM KaXX/10e M3 HasBaHHLIX moianpocTpaHcTts, Cie-
JOBaTedbHO, MaTpulbl onepatopa / B KaXKJA0OM W3 TNOANPOCTPAHCTB
A, B, ... conepxar NMPOU3BOJIbHEIA MHOXKHTENb ©g, ®p, ... AHAIO-
TMYHO TOMY, KaK COAEpIKHT MPOU3BOJBHBIA MHOXKHTENb omepatop /,
nefictByioluil Bo BceM npoctpaHcTBe. [Tocko/bky BOJHOBHIE (YHK-
uud {7) u (7a) SKBUBaJIEHTHB], ONpeleJUTh OTHOLIEHUsT MHOMKHTE-
Jaedl wg, ®p, ... HEBO3MOXKHO, ¥ BMECTO OJHOro HEONpeAesIeHHOTOo
$a30BOro  MHOMKUTENS HaM NPUXOIUTCS BBOAUTBH CTOJBKO TaKHX
MHOXHTENeH, CKOJIbKO HMeercsi mojanpocrpaers A, B, ... . 910"
03HayaerT, YTO Mbl He MOXKeM CPaBHMBATh YETHOCTh COCTOSHHUH, MPH-
HajAJeXaliyX Pas/H4yHbIM MOANPOCTPAHCTBAM.

* Ec/H BeKTOPBI COCTOSIHMSI KaKAOr0 MOAMNPOCTPAHCTBA OPTOro-
HaJbHbl KO BCEM BEKTOPAM COCTOfIHHH [pYyrHX TOANPOCTPAHCTB
(cucTeMa  HM30/1MpOBAHA), TO OGBLIYHO TOBOPAT, HUTO MEXKAY

1) ITo nosoay 3toro nmoHsTus CM. ra. 1V B kHure {5].
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MOAMPOCTPAHCTBAMH BCEro TUAbLOEPTOBA NPOCTpPAHCTBA JeficTByet
npasuio oT6opa. CyiecTsyer, HanpuMmep, NPaBHIO OTOOPA, 3anpe-
nlampllee H3MeHeHHe MOJHOTO HUMIYJbCa JI060r0 COCTOSIHHA H3OJH-
POBaHHO! CHCTEMB. BeKTOpBI COCTOSIH#ISI MOANPOCTPAHCTBA, COAEP-
JKallero BCe COCTOSIHHSI C MOJHBIM YIVIOBBIM MOMeHTOM J, B
3aMKHYTO CHCT€ME OCTAIOTCS OPTOTOHAJbHEIMH KO BCEM COCTOSHUAM
¢ Jo6GbIM JPYrUM 3HAUE€HHEM MOJHOTO YIJIOBOro MomeHra., bByaem
rOoBOPUTb, UYTO MEX/JAy TNOANPOCTPAHCTBAMU AEHACTBYET IliPaBUJIO
cBepxorbopa, ecyad MeXAY HPHHAMIERKAUIMMU 3ITHM OOANPOCTPaH-
CTBAM BEKTOPAMH COCTOSIHMA He CYIIECTBYET CHOHTAHHBIX Mepexo-
OB (T. e. ec1M MeXAY NMOANPOCTPAHCTBAMH AEHCTBYeT NPAaBHJIO OT-
6opa) W ecad, KpOMe TOro, HeT M3MEDUMBIX BEJIHUHH ¢ KOHEYHBbIMU
MaTpPHUYHBIME 3JeMEHTaMH, CBS3bIBAIOLUUME BEeKTODPHl COCTOSIHHA H3
3THX NOAHPOCTPAHCTB. MIMEHHO 3Ty CUTyalMIO MBI OMMCAJH BHE. .
Orcioga caenyer, 4To Bce (a3oBble MHOKHTETH ®,, ®p, ... HEHa-
6mogaemMbl. MBI XOTuM MOKas3aTh, YTo NpaBHsia ceepxorbopa ykKa-
32HHOTO BBIIE THIA YXKe CYILIECTBYIOT B COBpeMeHHOM (opMaJuzme
peNATHBHCTCKHX TNOJIeBBIX TeopHH. Mbl JOKaXKeM CBOe YTBepIKIeHHe
JJIA OJHOrO cjayyash W yKarxkeM JIPyrofl ciayuaii, Ha KOTOPBLIH OHO,
NO-BHAUMOMY, MNepeHOCHTCH 0e3 0COOBIX H3MeHeHH.

CyuiecTBOBaHHE INpPaBUJ  CBEpXOTOOpa IIPEJOCTABJSET HaM
66abIIYI0 CBOGOAY, YeM 3TO, NO-BHAMMOMY, BHI3blBaeTcsi HEOBGXOIH-
MocTbio. Mel He GyleMm chenuasbHO pacCMaTpHBAThL BOIPOC O TOM,
KakyM o6pasoM, MakCHManbHO HCHOJb3Ys 3Ty CBOGOAY, MOXKHO
Obl10 6Bl CO3/12BATh «MOHCTPOB®» C CAMBIMH HEOKMJIAHHLIMH CBOH-
crBamu '), Topazno Gonblinii HHTEPEC NPEACTABIAIOT sl HAc IIpPO-
crefiliyge NPUMeEpEl, B KOTOPBIX OCOOEHHO OTYETJIHBO MPOSBJSETCS
onucaHHas Bbillle cutyanusi. Hanpumep, 6blio OB COBEpIEHHO He-
BepHbIM IpeAnoJaratb, yrto npaBHja cBepxoTbopa JNeHCTBYIOT Me-
XKAY MNOANPOCTPAHCTBAMU C pPAas3iHYHBIMH IOJHLIMM HMIYJAbCAMHU.
PasHocrs a3 MeXAy TaKUMH COCTOSIHMAMM H3MepuMa, u B jJefl-
CTBHTEJIBHOCTH KaXkJoe H3MepeHHe KOODAMHAT BKJOYaer B cebs
H3MepeHHe PasHOCTH (as MeXJy COCTOSIHHSIMH € Da3MuHbIMH HM-
OYJbCAMH. -

CITHHOPDI

[IpaBuna ceepxorbopa MexkAy ABYMA NOANPOCTPAHCTBAMM Bce-
ro ruabGepToBa NPOCTpPAHCTBA HeOOXOAMMO BBOAHTHL 1O KpaifHef

1) Crporo roBopsi, Raxe MpPeANOJNOXKHB BIOJHe ONpDeleJeHHbI 3aKOH mpeol-
pa3oBaHHS, Mbl He MOXeM H3 OOLHX cooOpaXKeHufl HCKIIOUMTL GoJjiee CJOXKHbIE
npeobpa3oBaHus, HalpUMep

(p’(x, Y, z)=(o(N)q>(—- X, =Y, — Z)(D-I(N),
rie MHOXHTenb ®(N) = *1, a ero 3Hauenne mpu Jio6oMm N BHIGHpaercsa mnpous-

BONbHO He3aBHCHUMO OT mMpaBmia mpousseseHHs. [IpeoGpasoBaHus Takoro poAa
JIETKO HCKJIOYAIOTCA JIKIIL [IPH YC/IOBHH, eC/aH (@ — JIOKaJbHO H3MEepHMas BeEJHYHHA.
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Mepe B OJHOM CJyuae -— KOTAa XKeJAaTeJbHO COXPAHUTL PesiTH-
BHCTCKYIO HHBAapPHAHTHOCTb Bcero npoctpaHctsa. [lycTh nepsoe u3
MOANPOCTPAHCTB A  COLEPKHT COCTOSHHA C [MOJHBIM yIVIOBBIM
MOMEHTOM -CHCTeMbl, PaBHbLIM LeJIOMY KpaTHoMy fi; BTOpoe MOAMNpPO-
CTPAHCTBO B CcONepKHT COCTOSHHS C NONYLEJBIMH YIIOBLIMHU
mMoMeHTaMu. O6O3HAUHM BEKTOPbI COCTOSIHHS ME€PBOTO MOANPOCTPAH-
cTBa uepes fa, ga, ..., @ BEKTOPbl COCTOSIHHS BTOPOro MOAIPO-
cTpaHcTBa uepes fp, gp, ... . PaccMorpuM cocrosiHua 27% (fa -
+fB), LI KOTOPHIX M3MepEHHE NPHBOLAHUT C BEPOSITHOCTBIO /s K Le-
JIOMY YIJIOBOMY MOMEHTY H C TOYHO TaKOH e BepOSTHOCTBIO
K NOJylesoMy YIJIOBOMY MOMeHTY. [IpellosioxuM, KpoMe TOTO, UTO
C NOMOIIBIO KAaKOTO-TO M3MEPEHHs] Mbl MOXKEM OTJIHYHTh COCTOSIHHE
2-'2(f4 + fB) ot cocrosHua 2% (fx — fg). VIMeHHO 3TC Mbl HMEJH
B BHAY, TOBOPS O TOM, YTO Pa3HOCTb (a3 MeXAy MOANpPOCTPaH-
crBamMu A u B usmepuma. Kak Oyzer sicHO u3 HajbHefliero, Takoe
JOIylleHHe TpPOTUBOPEUHT TPeGOBAHHIO peJNSTHBHCTCKON HHBA-
PHAHTHOCTH.

Hamie nokasaTeqbCTBO 3TOTO YTBEPAKIEHHUS OCHOBAHO HA HC-
noJh30BaHuH TMpeoOpasoBanus obpamieHuss BpeMenn. O6pallleHue
sBpeMeny nepeBoAuT fa B UsKfa u fg B UpKfp, rne U — ynurap-
nble onepartopsl, a K o3Hauaer omepaudio KOMIJIEKCHOrQ cOmpsiiKe-
HUS Hajx crosillell 3a muM BejauunHo#. Han6onee BaXKHBII MOMEHT
JIOKa3aTeNbCTBa COAEPHKUTCS B paBeHcTBax [6]

UsKUK=1, UpKUzK=—1. ®)

Pasymeercs, onepatopet UsK u UgK, He MeHssl cOlepXaHHA Teo-
puH, MOXKHO 3aMeHHTh onepaTopamMu wUaK u o'UgK, ecnu |o| =
=|w’| = 1. Takas nogcraHoBka He Hapywaer paseHcts (8).
HMeHHO 3T0 0O6CTOSITENILCTBO M JAejdeT AOKAa3aTeNbCTBO, OCHOBAaH-
HOe Ha HCMOJb30BAHHH TpeoOpa3oBaHHsA OGpalleHHsl BpeMeHH, 0CO-
6eHHO MPOCTHIM.

INpuMenuB onepauuio o6palleHHss BpeMeHu K COCTOSIHHIO fa -
+ fp, monyuum

OJUAKfA + (D,UBKfB'

Koadpduuuertel o, pasymeercsi, HeolnpeaeseHHbl, HO OTHOLIEHHe
®’/w, X0Ta BENHUHHA ero HEM3BECTHA, HE 3aBHCHUT OT BEKTOPOB CO-
crosuus [a4 u fp'). [IpumeHuB onmepauuio oGpallleHHsi BpeMeHH ellle
pas, Mbl JOJKHBl NOJYYHTh COCTOSIHHE, HEOTJHUHMOE OT HCXOMHOTO
cocrosiiusi fa + fp. Pesynbrar AByKRpaTHOro nmpHMeHeHus obpalie-
HHSl BDEMEHH HMEET BUJ,

0"U 4K (0U 4KT4) + o""U pK (0’U pKf ), (9)

1) 3710 06cTOATENBCTRO, HMEIlEe pellalollee 3HaueHHWe gas Halllero AOKasa-
TeJbCTBa, HEOAHOKPATHO/06CYXKAaN0ChH B auTepartype. CMm. npunoxende x . XX
Kuury Burnepa [7].
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IpHYeEM
(DIII . (D/

®  ©

Hcnonbaysa 370 paBeHCTBO H paBeHcTBa (8), cocTostHie (9) MOKHO
npeobpazoBaTth K BULY

©”&U JKU (Kl + 0™ &' U KU zKfp =

=~ fy=const- (i, —fs). (9a)

3TOT pesynbTaT HETPYAHO MNpPEABHIETH 3apaHee, MNOCKOJbLKY
3HaKu B paBeHcTBax (8) mporusonosoXuul, OH 03Ha4aer, yro Co-
cTosiiusi fa + fp U fa — [p HEOTNHUUMBI, KOJb CKOPO CYILECTBYET .
omepaTop o0palleHHss BPEMEHH, Y/JAOBJCTBOPAIOUHI pPaBeHCTBAM
(8). K rakomy e pe3yabTaTy MOKHO ObL1o Obl NPUATH, paccMa-
TpUBas BMecTO OOpallleHHs BpeMeHH OOBbIYHBIE MPOCTPAHCTBEHHbIE
nopopotel. OJHAKO aHaJM3 TNpPH 3TOM CTaa Obl HECKOJbKo OoJjee
C/OXKHBIM, TMOCKOJILKY JAJiSl TOBODOTOB He CYIIECTBYeT PaBeHCTBA,
KOTOpOe Obl1o 6bl aHAJOTHYHO paBeHCTBaM (8), W ocraBaJjoch Ol
HeH3MEHHBIM NPH 3aMeHe MPOCTOro npeobpa3oBaHUA KPATHBIM,

Orclona caelyer, 4To H3MEPUMOCTb JIOGOro 3PMHTOBa omepa-
Topa § ¢ HeHyJeBbIMH MAaTpPHUYHbIMH 3aeMentaMu (fa, Efp) Mexnay
noanpocrpancTBaMu A u B (1. e. MeX]y COCTOAHHSIMU C LEJbIM H
HONYLEeJNbIM YIVIOBEIMH MOMEHTAMH) NpHUBOAMJIA OLI K MPOTHBOpe-
upio. JlelicTBUTENbHO, 3a HCKJAIOUEHHEM TOrO CJayuas, Korja Mar-
puunbiii smeMent (fa, Efp) MMeeT UHCTO MHHMOE 3HaueHue, CpelHHEe
omepatopa t Aas cocTosiHul fa + fz ¥ fa— fg Obin 6m pas-
JIMYHBI, B TO BPeMsl KaK H3BECTHO, YTO 3TH COCTOSIHHSI HEOTIHUUMHBI,
Ecau xe marpHuHblfl aieMeHT (fa, Efp) uMCTO MHHMBIA, TO amago-
THUHOE YTBepKAEHHe CIpPaBeANuBO JJIsi COCTOSAHMEA fa + ifp, fa —
— ifp (MOXHO TOKa3aTb, YTO OHH TaKiKe HEOTJHUUMEI),

[TockoabKy KaxKaoe CIIMHODHOe MoJe ¢ obJanaer TeM CBOMH-
crBOM, uTo .# P + $* u (P — P*) cBA3bBIBAIOT nmoANpocTpaHcTBa A
U B, HH OlHA M3 3THUX ABYX BeJHYHH He MOXKeT ObiTb H3MEepHMOH
(camo mosie  He SIBAAETCS 5PMHTOBLIM, MOTOMY €ro H3MEPHMOCTh
HEe HMEeT CMbICA). ‘

3APSOKEHHBIE T10Jid

B cyiecrsyolleii HbiHe QOpMe TEOPHM MOJA 3aPSKEHHbIM ua-
CTHIIAM  OTBeyaloT KOMIUIeKcHble noJasi. Ecam paccmarpuBaercd
TOJIBKO OJHO TaKoe noJte @(x, y, 2, {), To ¢yuxknuu Jlarpanxa u
FaMuibTOH2, B KOTOpHie B CJyyae HeOOXOJHMOCTH MOXKeT ObiThb
BKJIIOYEHO M B3aUMOJEHCTBHE ¢ BHEIIHMMH TNOJSIMH, COAepXaT ¢
JHIb B Bule OU/InHeiiHO# KOMOWHAUHH ¢*@ H, CIAeJ0BaTeNbHO, HH-
BapHaHTHbl OTHOCHTEJBHO YMHOXKeHHUS ¢ Ha (as30Bblii MHOXHTENb
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eit. Cospmaercs BlleuaTgenue, ytro TaKOH MHOXHUTeNb ABJSAETCA
CYWIECTBEHHO HeHAGMoNaemMol MoxnduKauuei nos. Ecan sapsxken-
HBIX MOJIEH HECKOJBKO, HApUMEp @i, @g, ..., TO TAMUJIBTOHHAH MO-
XKET Coiepxarb UIeHbl BHAA PPy, cpIqJ;cpg W T..0., HO BO BCex
cydasix OCTaeTcs HHBADHAHTHBIM OTHOCHTEJBHO OZHOBPEMEHHOTO
YMHOXEHUsl BCeX ToJel Ha OIMH H TOT e (a30BBIH MHOXH-
Teab e'®.

HssecTHo, uTo yKasaHHOe CBOHCTBO CBSI3aHO ¢ 3aKOHOM COXpa-
HEHHA TMOJHOTO 3JEeKTPHUECKOTO 3apfja U MOXKET pacCMaTpHBAaTbCs
KaK CHJbHO OTDaHHYEHHAs PA3HOBHIHOCTb KalHODOBOYHON HHBA-
puanrnocTh. Ecom Q — nosublét sapsj (3a elMHHIly npuUHAT 3apsif
5JIEKTPOHA €), TO YMHOXEeHHE @), P2, ... Ha €' IKBHUBAJIEHTHO YHH-
TapHOMY I1peo6pa30BaHHUIO

s —> e~ ®pefaQ, (10)

Hrtak, Mb OpUXOAUM K NOCTY/NATy: AEHCTBHE HA BEKTOP COCTOSIHHA
F oneparopa €i%Q me nopoxpaaer (usHYecKH HAGIIORAEMYI0 MOJIH-
(UKALUI0 COCTOSHHA CHCTEMBl (B3aHMOJEHCTBYIOUIMX) 3apsizKeH-
HBIX ToJeH.

Mb e MoxeMm mnpuBecTH YOEAHTEJNbHBIX AOBOAUB, HOATBED-
JKJAOUHX NMPaBHJIBHOCTh HaUlero yteepxaeHusi. Bosee Toro, takue
JIOBOAB! IIpeanosaraioT 6osee ray60oKoe TOHUMAaHUE MPUPOALI 3JeK-
TPHUYECKOTO 3apsijla, OTCYTCTBYMOLlee y Hac u [OHbIHe, IIpeamoJo-
JKMB, UTO TOCTYJAT BEPEH, Mbl cpa3dy e NPUAEM K 3dKMIOUEHHIO
O HEBO3MOXKHOCTH CPaBHMBATh MeEXAY COOOH 4eTHOCTH COCTOSIHHA
C pas3JqHYHLIMH 3apsaMHu. '

Orciona, B 4aCTHOCTH, CJAEAYET, YTO eCJIH KaKHe-TO 5KCIePHMEH-
TaJbHble JaHHble MOXHO HHTEPNPETHPOBATb HA OCHOBE AOMYILEHHS
0 MCEBJOCKAJSIPHOM XapaKrepe 3apsi:KEHHOro s-Me30HHOTO HOJs H
COOTBETCTBYIOULMX TPAaHCHOPMALMOHHLIX CBONCTBAX APYrux B3au-
MOJEHCTBYIOIINX ¢ HUM 3apskKeHHHX noJel (NPOTOHHOrO, u-Me30H-
HOro 4 T. [1.), TO 3TH [AaHHble MOKHO HMHTEepNPETHPOBATbL H Ha
OCHOBe AONYILEHHA O CKaJsPHOM XapaKTepe 3apAXKEHHOro f-Me30H-
HOro TOJfA, HajdeRalluM o00pa3oM BUAOHIMEHHB TpaHcoOpMa-
LLHOHHDBIe cBoficTBa Apyrux mosed [1—4].

MPUMEHEHHS

Mo cux mop Mbl NORYEPKHBANM OAHM JHIIL OTPHIATEJNbHblE aC-
MeKThl COBPEMEHHOH TEOpHM INoJsA. BpisicHUM Tenepp, uro MOXKHO
YyTBEPXKAATh B NOJOXKHUTENBHOM CMbICIIE,

[pexxae BCero fICHO, YTO 3/JEKTPOMACHUTHOE Moje H3yueHo He-
CpaBHEHHO Jyullle JAPYr#X MOJeHd. YCTAHOBHMB, 4TO 3JEKTPHYECKOR
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nojie ONHMCHIBaeTcs NOJISIPHBIM BEKTOPOM '), Mbl cpasy e Hafiem
CBOHCTBA JIIOOOTO COCTOSIHHA, COJEpKallero ofHH JHIIL (DOTOHHI

Orciona HerpyaHo (mo KpaliHell Mepe, B NPHHIHNE) HaNTH 4eT-
HOCTh TaKOl 4YacTuubl, KaK HefATpajbHbii n’-Me30H, KOTOpPHIH MO-
KeT pacnajaartbesi B 4YHCTO (OTOHHBle cocrosiHus, [pyro#t cnocob
OTBICKaHHS YETHOCTH 3aK/IOUAeTcs B IKCHEPHMEHTaJbHOM YCTaHOB-
JICHHH NpaBu/1 0T6opa Ha mpuMepe peakuuy THia

p+p—>a'+p+p,

rae HHKakie Apyrue YacTHObl He POXKAAIOTCH H He PACNaAaloTCA.

O6paTuBiINCh K 3apAXKEHHBIM YacCTHLAM, Mbl OGHapyXKHM, 4YTO
HX YeTHOCTH COJep:KaT H3BeCTHhI mpoussosa. Kax sro wacto 6bl-
BaeT, TaKas CHTYalldsi CBHAETEILCTBYET O HeOGXOAMMOCTH BBeje-
HUSI HEKOTOPOH CHCTEMbl OTCYETa, OHpPeJeNsieMOlt YCJIOBHO, HO OT-
TOFO He MeHee Moje3Hoi. MoXXHO 6bLI0 Gbl, HAIPUMEpP, YCJIOBHTHCH
CYHTaTh, UTO m*-Me30HB OOJAfAl0T OTPHIATeNbHOH ueTHOCThIO. Ta-
Koe corJallleHue MO3BOJHJIO0 Gbl YMEHBIIHTh HPOH3BOJ B mpeofipa-
30BaHWUM HMHBEPCHH JJ1s1 JPYrux uactHl, Tak, Xopoulo H3BecTHBIE
3KCIIEPUMEHTH 110 3aXBaTy B JeHTepHH MAAKT HEKOTOpble HaHHbIE
0 YeTHOCTH; B NMPUBENEHHOH BbIlle CHCTEMe OTCYETA HX MOMKHO HH-
TepUpPeTHPOBATh, MPHIKCAB OPOTOHHOMY H HEHTPOHHOMY moJaaM Pp
U Y, Takue TpaHCHOpPMALHOHHble CBOMCTBA, MpU KOTOPbLIX BeJH-
YHHa IP;B\Pn GyZeT BeCTH cebs KaK CKaJsp.

OcraBasisi B CTOPOHE 4acCTHble MPHMEPH, MH XOTeAd Ob chop-
MYyJHDPOBATh B OGMIMX 4YepTaX HMEIOUHeCs BO3MOXKHOCTH. DTO MO-
3BOJIHT HauGojiee OTYETJIHBO BISIBUTb KAK Pas/Huhe, TAK H TO 06-
ulee, 4TO HMMeeTcsi BO B3IVIsAlax, H3JjaraeMblx B Hallefi pa6oTe H
B craTtbe Sura u Tuomuo [1].

U3 npeablayiiux 3aMeyaHuli yxe JAOJKHO GbITh SICHO, YTO BO3-
MOXHOCTb ONpeNeNeHHs] HIH CPABHEHHs BHYTPEHHHX YETHOCTEeH Tec-

'y Ecan noMuMo uHBepcuu /, TpakTyeMmoil B OObIMHOM CMBbiCAe (3Hak 3apsja
COXpaHAETCS, HMEKTPHYeCKHH BeKTOp E — NOJIAPHLIN BEKTOD), onepauuio 3apaio-
BOTO conpsxeHua C TakxkKe MNPHUHCASIOT K TOYHBIM CBOHCTBAM CHMMETPHH
OpUPOAH, TO NpeofpasoBaHHeM HHBEPCHH B PABHOH CTENeHH MOXKHO CUHMTAaTh 4 I n
C!l. BuiSpas B KauecTBe npeoGpasopanus uusepcd CI, Mpi yBeiumcs B TOM, 4TO
HH OJHO M3 OGBIUHO paccMaTpPHBAEMbIX COCTOSIHHI aTOMOB WM sAaep He Gyjer oG-
JafaTh OMpeNeJeHHON YeTHOCTbK (COCTOSIHHA ¢ OMNpellesleHHOH 4eTHOCTHIO B 3TOM
ciyyae 6YAyT BKJOUaTb CYMEPMNO3NIMH COCTOSAHHM, COAEPIKAUIUX MPOTOHH H aH-
THNPOTOHBL ¥ T. A.). Takum oOpa3om, mpeoOpa3oBalie HHBEPCHH, ONpeje/isieMoe
kak CI, taur B cebe Heygo6ctsa, Kpome Toro, oTHIOAL He ROKa3aHO, yTo 3apsio-
poe conpsixkenue C aBisieTCs TOYHBIM CBONCTBOM CHMMETPHH npUpoasl. BmoJme
BO3MOXHO (H 3Ty BO3MOXKHOCTb HeJb3si YIYCKaTth W3 BHAY), yro u C u [ B mpu-
poze BCTpeyaloTcs KaK npUOJHMKEeHHble CBOHCTBA CHMMETDHH, W JIMIIL HHBApHAHT-
HocTh OTHocuTenbHo CI grimonHsieTcs TOYHO. B 3TOM ciyuae ajeKTpHUecKoe foJe
cnefloBano Obl CUHTATH aKCHaJbHBIM BeKTOpoM. CHpaBelJHBOCTH palH 3aMeTHM,
4TO TaKas BO3MOXKHOCTh B HaCTOsllee BpeMs NPeACTABNACTCA He C/HIUKOM peasi-
CTHYHOH,



24. Brytpennsin uérrOCTo 328MENPAPHBLX WaCTHI 313

HO CBf3aHa C BO3MOXKHOCTbIO POBeAeHHMS KBAHTOBOMeXaHHYECKHX
3KCHepUMEHTOB [0 H3MEPEeHHIO PA3HOCTH (a3 Mex/Ay pasiHuHBIMH
YacTaMd (QYHKUHH COCTOSIHHS. LEcau 6Bl He CYLieCTBOBa/JO NMpaBuJI
cBepxorfopa, T. €. ecid Gbl Bce pAas3HOCTH (pa3 MNPHHIUNHATBHO
ObIH M3MepUMbl, HHYTO He Melajso Obl HaM CPABHHBATH YETHOCTH
Mo6erx yactul. Crenath 3T0 MOXKHO Obwio OBl, MOCTPOHMB, HANpPH-
Mep, CHCTeMy, KOTODasi COCTOMT C BePOATHOCTbIO i/; M3 uyacTHUH A
C yrJOBBIMH MOMeHTaMu J u J, OTHOCHTENBHO TOYKH U MpAMOH 2
H C BEPOSITHOCTbIO !/; M3 Apyrofi yactuuel B ¢ Temu Xe xapakTepu-
ctiKaMu. Ecinp aTa cucreMa He MeHsleTcsl MPH OTPAaXKeHHH B 3ep-
KaJie, apajsenbHOM NPAMOH 2, U NPH NMOBOPOTE HA YIOJ 7t BOKPYT
OCH, NepHeHAMKYASIDHOH NpAMOHA 2, TO YyeTHOCTH yactuyg A u B
OJHHAKOBblL, B NpOTHBHOM cJiyuae 4eTHOCTH NPOTHBONOJOXKHEL 1), Bo-
Jee ¢usHueckuit (MeHee aGCTPAKTHLIH) CMOCO6 CPABHEHUS! YETHO-
cTell 3aKaiouajca 6bl B HOMBITKE MPEBPATHTh YACTHLY A B 4aCTHILY
B u npociequTb 3a UYETHOCTAMH YaCTHI, HCOYCKAEMBIMH H IOIVIO-
1laeMblMU B pPeaKLHUH.

IlpaBuao cBepxoT6opa, He I03BOJAINIee CPaBHUBATL (aA3Ll CO-
CTOSIHHH C MOJYLEJBIMY H LEeTbIMH YTJIOBBIMH MOMEHTAaMH, NPEnT-
CTBYeT M HeNnoCpeJICTBEHHOMY CPaBHEHHIO UeTHOCTEH CIHHOPHBIX ya-
CTHI, M YaCTHIl C LeJbIM CNHHOM. EciiH 3T0 eHHCTBEHHOE NMpPABUJIO
cBepxot6opa, TO MBI BCe Ke MOIJIH Obl CPAaBHHTHL <COBMECTHYIO»
YETHOCTb JBYX TOXK/JECTBEHHbIX UaCTHI[ ¢ YeTHOCTBIO YaCTHLHI ¢ Le-
JablM cnuHOM. Eciu nocaefHAs okasajach Obl NOMOXKHTENBHOMN, TO
KaKJ0i COHUHOPHOH YacTHlle MOXXHO Oblio 6bl MONBITATHCS NPHIH-
carh BeWIeCTBEHHYIO ueTHOCTh. Ec/H e yacTHla ¢ UeablM CIHHOM
o6safgaeT OTPHUIIATENbHOH YeTHOCTBIO, TO KaXJo# CHHHOPHOH ua-
CTHIie B OTAEJbHOCTH MOXHO ObljO Obl NPHIHCATb MHHMYIO
yeTHOCTb. Heo6xonnMo 3ameTuTb, YTO B paMKaX NPUHATOrO LONylle-
HHSI O €IHHCTBEHHOCTH CIMHOPHOro mpaBu/aa CBepxoTbopa u u3Me-
puMOCTH Bcex (a3, OTHICKaHHe KOTODBIX He 3ampellaercs yKasaH-
HBIM NPaBHJIOM CBepXoTOOpa, YETHOCTH JIOOBIX ABYX CHHHOPHbBIX
YyacTHIl MOXHO CPaBHHBATb. Kak u J/11060e cpaBHeHHe ueTHOCTeH,
TaKOe CpaBHEHHEe MO3BOJSET YTBEPXKAATb, YTO UETHOCTH CIHHOPHBIX
yactuil JUGO OLHHAKOBLI, JHGO IPOTHBOMOJOXKHLL, CJenoBaTeNnbHO,
ecny OfHA CIMHOPHAs 4acTHia 06JjajfaeT BelleCTBEHHOH UYeTHOCTHIO
B YKa3aHHOM BhIllle CMbIC]e, TO W BC€ OCTajbHble CNHHOPHBIE Ya-
CTHUBL Tak¥XKe JOJIKHBEI 06/aflaTh BelllecTBEHHON YeTHOCTBbIO. AHa-
JIOTHYHO €C/1H KaKas-TO OJHa CITHHODHAs 4YacTHUa HMeeT MHHMYIO
4eTHOCTb, TO M BCE OCTa/JbHble CIIHHOPHBIE YACTHILl TaKkKe HMEIOT
MHHMBlE YeTHOCTH. MeHee aGCTPakTHO TAT XKe BBIBOA MOXKHO chop-

1}y Bpan au HYXKHO NMOLYEPKMBATB, UTO BHYTPH NOANpocTpanctsa A wam B, ..
onepatop /? fomKeH GbTb KPaThbIM eIMHHUE (B CHIy U3BeCTHBIX MPHUHH; CM.,
Hanpumep, pabory [6]). CaemoBaTenbHo, ueTHOCTH ABYX COCTORHHIl, KOJMb CKOPO
MX MOMHO CDaBHUBATb, MOTYT GHITE JHGO OJHMHAKOBLIME, JHGO NPOTHBONOJIOXK-
HBIMH. .
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MyJHpOBaTh CJlefyloluM 00pa3oM: HEKOTOpble maphl CIHHOPHBIX
YACTHUI, paclalaloTcsl TaK, YTO NPOU3BeleHHEe HX YeTHOCTel NoJoXKH-
TeJbHO, JpYyTHe — TaK, YTO NpOMU3BeJeHHe HX YETHOCTEH OTpHLa-
TeJibHO. B cuny npHMHATHIX B 3TOM pasiese NMpelloyioKeHH# Npous-
BeleHHEe YETHOCTEN CHHHOPHEIX YaCTHI[ He MOXKeT ObiTb MHHMbIM,
MOCKOJIBKY KaXJas Iapa CIMHOPHBIX YacTHL CHOCOOHA pacnajaThb-
¢l Ha YAaCTHLBl C IeJbIMH CIOHHaMH (MOXKer GblTh, MOCJe NMOIJIOLLe-
HHUSl HECKOJIbKHX TAKHMX 4YacTHL). B 4acTHOCTH, THIOTe3a, NPHHSTAA
B 5TOM pasjele, HCKIIOUYaeT c/aydail, KoTAa oJHa napa TOXJe-
CTBEHHBIX CMHMHOPHBIX YacTHL S; 06JafaeT MOJOXKHTENbHOH, a4 APY-
ras mnapa CIHHODPHBIX YAaCTHIL S¢ — OTPHIATENbHON ueTHOCTHIO, Jleli-
CTBUTEJIBHO, B 3TOM cJydyae «CyMMas Hapel §; W mapbl Sy objaanana
6bl OTPHUIATENBHOH UYETHOCTBIO, ITO 03HAuajo OB, UYTO YETHOCThb
naphl, COCTOsLIEH M3 OJHOH YACTHLHBI, B3ATOH W3 S|, U OJLHOH ua-
CTHIBI, B3SATOH H3 Sz, Obl1a Obl HEONDEAEJEHHOH BOIPEKH MPHHSA-
TOMY JONYILEHHIO, :

[IpennonoxuB, uto (asbl COCTOSHHHA € Pa3/IUYHBIMU 3apsAaMmu
TaKXke He [AOMYCKAalT CPaBHEHHS, T. €. NPeANOJOXHB, YTO HMEET
MeCTO NpPaBW/IO CBepXOTOOpa AJsl 3apSAA0B, Mbl JHUIUMCS NPSAMOrO
cnoco6a CpaBHEeHHs1 UYETHOCTEH HYacTHI C PAasIHUHbIMM 3apsilaMu.
OaHako HUYTO He MeNIaeT CPAaBHHUBAThH (He Hapyllas, pasyMeercs,
CHHHOPHOrO NpaBuJa cBepxorfopa) MNpousBejeHHe YeTHOCTER IABYX
IMPOTUBOIOJOXKHO 3apsKEHHBIX YaCTHI ¢ YETHOCTbI0O KaKOH-HHOYIb
ofHO#N HesapsdKeHHON uacTuubl. M1 B 3TOM ciydae cpaBHHBaeMble
YeTHOCTH MOTYT 0Ka3aTthbcsl JU6GO OAMHAKOBBIMH, Ju6G0 MPOTHBOIMO-
JOXHBIMH. JlOCKOJBKY mapa TOXAECTBEHHBIX 3apPSiKEHHBIX YaCTHIL
He MoxKeT OblTh HeATpaJbHOH, MPUHSITOE HAMH AONYLUEHHE He MO-
3BOJIIET OJHO3HAUYHO ONpPEAeAUTh KBAADaT YETHOCTH 3apsi?KEHHOH
yacTulbl, YeTHOCTh YaCTHUB ¢ €IHHHUHBIM 3apSAJAOM €CTh ®, MpPH-
yeM o — J10060e uKca10, paBHOe mo Moayaw 1. Beakas apyrasa ua-
CTHIIA C €JUHHYHBIM 3apAA0oM (CHMHOM TOTO XKe THIA, 4TO H y Mep:
BOH) B CHIY TOTO Ke JONYLleHHs1 OyJder HMeTb YETHOCTh « HJH
—®, & BCAKasg YacTHua ¢ IPOTHBOIOJNOXHBIM 3apsiioM — YETHOCThb
o' uin —o-l. dcHo, 4TO BeJHUMHA @ He HMeeT HENOCPeACTBEHHOro
(hu3HYECKOTO CMEICIa, W €e BIOJHE MOXKHO cuutaTh eiuHunes. On-
HaKO BBejleHHE KOMIIEKCHOH YeTHOCTH ® 006JamaeT @ HEKOTOPBIMH
OpEUMYILEeCTBAMH, TOCKOMbKY OHa HANOMHHAET O 3aKOHe COXpaHe-
HUS 3JeKkTpuueckoro 3apsga. OnepaTop B3auMojeHCTBHs, Hapy-
mawluid 3TOT 3aKOH, NO-BHAHMOMY, HapyllaeT H CHMMETPHIO
OTHOCHTENbHO HHBepcHH. [IpeamnoJsioKuUB CyllecTBOBAHHE 3aKOHA CO-
XpaHeHHs JJs1 TSKeJblX uYacTull ¥ NPHUHAB COOTBETCTBYIOIlee mpa-
BUNIO CBepxorT6opa, 3anpenlaiollee H3MepenHe pasHOCTH (as
MeXJy COCTOSHHAMH € PAa3JUYHBIM YHCJAOM TSKEJNBIX UYACTHL, MBI
BBeJleM B UYETHOCTb THAXKEJIbIX YACTHIlI HOBBIH HeONpeAeJeHHBIH MHO-
KHUTeIb o', TaKXKe He HMEIOIUIHH HemocpeACTBEHHOro (usHyeckoro
cMblcaa. [To moBoAy MHOMXKHTENs o' MOXHO CLe1aTh Te XKe 3aMeda-
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HHs, UYTO U N0 NMOBO/LY MHOXKHUTeJAA ©. 3ToT HeonpeaeNeHHbIA (1)330-
BBIH MHOXHTEJNb HHOTJAa OHIBaeT y1_106HO COXPAHATb KaK I1oJie3noe
HanoOMUHaHHE O HOBOM 3aKOHE€ COXPaHEHHS].

Heckonbko MeHee o6Liufi mpueM Obll HCNOMb30BAaH flHrom u

TuomHO, KOTOphle ¢ NMOMOIBID MNOAXOASANIEr0 BHIGOPA MHOKHTENEH
o = *1, ®£i aaa pasauyHLIX YACTHL, MCKJIIOUHUIAH MHOTHe THIB!
B3aUMOJI€HCTBHI, TNPOTHBOPEYAIMX SaKOHY COXpaHEHHS TAXKEIbIX
yactuu. [Ipy wHOM noaxoje Bce 3TH B3aUMOJCHCTBHS NPHILIOCH
Obl BKJIOUATE B PACCMOTPEHHE.

U o o —
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